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REMARKS 

Claims 1, 2 and 40-43 are all the claims pending in the application. New claims 40-43 
correspond to amended claims 3, 4, 5 and 7, canceled in that last response. 
Accordingly, no new matter is added. 

Along with the next communication, the Examiner is requested to return signed and 
initialed copies of the PTO Forms SB/08 that accompanied the Information Disclosure 
Statements filed May 21, 2009 and herewith. 

Claim Rejections - 35 U.S.C. § 103 

Claims 1 and 2 are again rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nishimura et al. (US Patent 6,410,576, hereinafter Nishimura '576) in view of Tsuchiya et al. 
(European Patent Application EP 1 249 450), Iimura et al. (AJH, 1995), Ishihara et al. 
(W001/12226) and Nishimura et al. (WO 01/32621, hereinafter Nishimura WO). 

The Examiner cites Nishimura ' 576 as teaching that compounds that exhibit chymase 
inhibitory activity are "expected to be effective at treating diabetes complications" (columns 9, 
line 62 to column 10, line 17 and column 52, lines 17-22). The Examiner acknowledges that 
Nishimura '576 do not teach the specific diabetes complications recited in, for example, claims 
41 and 42, or the underlying mechanism creating the complications, as recited in claims 1 and 2. 
In addition, the Examiner acknowledges that Nishimura '576 does not identify 4-(l-((4- 
methylbenzo [b] thiophen-3 -yl)methyl)benzimidazol-2y 1 thio)butanoic acid as a chymase 
inhibitor, as now recited in claim 1 and upon which all pending claims ultimately depend. 

Tscuhiya et al. is cited as teaching benzimidazole derivatives that inhibit human chymase 
and that are clinically applicable as a treating agent for various diseases associated with human 
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chymase (page 2, paragraphs 1 and 7 and page 67, paragraph 238). The Examiner asserts that 
Tsuchiya et al. teach that the benzimidizole derivatives have an extremely high chymase 
inhibitor activity and that one such disclosed derivative is 4-(l-((4-methylbenzo[b]thiophen-3- 
yl)methyl)benzimidazol-2ylthio)butanoic acid (page 2, paragraph 5 and Page 8, compound 56 
and Example 15, page 64). 

The Examiner concludes that one of ordinary skill in the art would readily substitute the 
chymase inhibiting benzimidazole derivatives of Tsuchiya et al. for the chymase inhibitors of 
Nishimura 4 576 and expect that the compounds would treat diabetes complications such as 
glucose intolerance. As to whether a compound that treats complications of diabetes also treats 
the cause of diabetes, the Examiner states that "in treating the complications associated with 
diabetes, one would also inherently treat the underlying cause of diabetes which would be the 
insulin resistance and associated glucose intolerance." Office Action, page 6, para. 21. The 
Examiner further states that a chemical composition and its properties are inseparable and that, 
therefore, if the prior art teaches 4-(l-((4-methylbenzo[b]thiophen-3-yl)methyl)benzimidazol- 
2ylthio)butanoic acid as recited in claim 1, the properties applicant claims are necessarily 
present. 

limura et al. is cited as teaching that an ACE inhibitor improves insulin-resistant glucose 
uptake (insulin sensitivity) in an insulin resistant hypertensive rat model and essential 
hypertensives, i.e., the subject matter of claim 43. 

Ishihara et al. is cited as teaching that compounds having chymase inhibitory effect are 
expected to be a treatment of diseases such as diabetic retinopathy, as recited in claim 42. 
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Nishimura 1 is cited as teaching chymase compounds that exhibit excellent inhibitory 
activity are useful as therapeutic drugs to treat complications of diabetes and obesity, as recited 
in claim 41. 

In response to this rejection in the previous Office action, Applicants asserted that the 
Examiner's rejection was being made in hindsight. That is, only by reference to the present 
specification can the Examiner state with certainty that chymase inhibitors, taught as "expected 
to be effective at treating diabetes complications" would in fact treat the underlying cause of 
diabetes, because neither reference teaches a relationship between chymase inhibition and the 
cause of diabetes, i.e., glucose metabolism. The Examiner replies by asserting that since 
complications of diabetes include impaired glucose tolerance, any compound taught to treat the 
complications of diabetes would be expected to treat the cause of diabetes as well. 

For the following reasons, the rejection is traversed, respectfully. 

Nishimura ' 576 discloses novel thiazolidine derivatives that have chymase inhibitory 
activity. Further, Nishimura '576 asserts that because the compounds have chymase inhibitory 
activity they can be expected to be useful as drugs for treating various diseases "originating from 
chymase," including "outbreaks of physiologic functions such as cardiovascular lesion, 
inflammation, immune functions and tissue remodeling," as well as "outbreaks of cardiac 
infarction, heart failure, blood-vessel restenosis after PTC A and the like, [] hypertension [], 
diabetes complication [], allergic diseases [], asthma [] and the like." Column 9, line 67 - 
column 10, line 18 and column 52, lines 17-22. Thus, Nishimura '576's disclosure is illustrative 
in nature and treating diabetes complications is merely one of many theoretically possible, but 
far from proven, applications of Nishimura 4 576's compounds. Furthermore, Nishimura '576 
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does not teach what role chymase inhibitors or Nishimura '576's thiazolidine compounds play in 
each of the many and varied complications of diabetes. For this reason and in view of the state 
of the art, Applicants submit that if at the time of the present invention, one of ordinary skill in 
the art would have expected Nishimura 4 576's compounds to treat complications of diabetes, it 
would have been because the compounds would be expected to have PPAR-y agonistic activity 
and not because the compounds had chymase inhibitory action. In this respect, the Examiner's 
attention is directed to the following references: 

T. Fujita et al., Reduction of insulin resistance in obese and/or diabetic animals by 5-[4- 
(l-methylcyclohexylmethoxy)benzyl]-thiazolidine-2,4-dione (ADD-3878, U-63,287, 
ciglitazone), a new antidiabetic agent. Diabetes, 1983 Sept;32(9);804-810. 

B. Hulin et al., Novel thiazolidine-2,4-diones as potent euglycemic agents. J. Med. 
Chem. 1992 May 15;35(10);1853-64. 

RK Vikramadithyan et al., Euglycemic and hypolipidemic activity of PATS A: a unique 
thiazolidinedione with weak peroxisome proliferators activated receptor gamma activity. 
Metabolism. 2000 Nov;49( 1 1 ): 1 4 1 7-23 . 

The cited references establish that at the time of the invention, it was well known that 
thiazolidine derivatives were useful to treat diabetes due to their PPAR-y agonistic activity. (In 
fact, Applicants believe that thiazolidine derivatives, such as those sold under the trade names 
"Pioglitazone" and "ACTOS," are still used to treat diabetes.) Therefore, one of ordinary skill in 
the art at the time of the invention would generally think that the thiazolidine derivatives in 
Nishimura '576 possess PPAR-y activating function, and for that reason, are anti-diabetics. One 
of ordinary skill in the art would not have expected the chymase inhibitor activity of Nishimura 
'576's compounds to be relevant to treatment of diabetes or its complications. Thus, one of 
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ordinary skill in the art wanting to treat diabetes or its complications would not have been 
motivated to substitute a chymase inhibitor for the thiazolidine derivatives of Nishimura '576. 

The secondary and tertiary references also do not provide the needed motivation to 
replace the thiazolidine derivatives with chymase inhibitors. 

Iimura et al (AJH, 1995) reports that an ACE inhibitor and an angiotensin II receptor 
antagonist improved insulin resistance in an insulin-resistant hypertensive rat model (fructose- 
fed rats). However, chymase has various actions, in addition to conversion of angiotensin (Ang)I 
into AngH, such as enhancement of degranulation in mast cells, activation of interleukin-lp (IL- 
1 P), activation of matrix protease, degradation of fibronectins and type IV collagen, 
enhancement of release of transforming growth factor-P (TGF-P), activation of substance P and 
vasoactive intestinal polypeptide (VIP), conversion of endothelin and the like. Therefore, any 
relationship between the effects of improving glucose intolerance, diabetes, diabetes 
complications and the like and chymase were difficult to predict. Accordingly, Iimura et al. 
would not motivate one of ordinary skill in the art to treat diabetes or its complications with a 
chymase inhibitor. 

Furthermore, although Ishihara et al., in the example, shows that compounds having 
chymase inhibitory activity have angiogenesis inhibiting activity in chorioallantois of chickens, 
the result relates to only one aspect of a multitude of chymase effects. Ishihara et al. does not 
report that chymase inhibitors improve glucose intolerance or are useful to treat diabetes or 
complications thereof. Accordingly, Ishihara et al. would not motivate one of ordinary skill in 
the art to treat diabetes or its complications with a chymase inhibitor. 

Nishimura WO mentions that novel indole derivatives having a chymase inhibitory effect 
have promise for treating or preventing diabetes complications or obesity. However, Nishimura 
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WO provides no evidence to support this supposition. Accordingly, Nishimura WO would not 
motivate one of ordinary skill in the art to treat diabetes or its complications with a chymase 
inhibitor. 

It is clear from the above remarks and cited references, that none of Nishimura 6 576, 
limura, Ishihara, and Nishimura WO would have motivated one of ordinary skill in the art to 
treat diabetes or its complications with a chymase inhibitor. Thus, the fact that the 4-(l-((4- 
methylbenzo[b]thiophen»3-yl)methyl)benzimidazol-2ylthio)butanoic acid of Tsuchiya et al. 
inherently has anti-diabetic properties is irrelevant. 

It remains that the present invention proved for the first time that chymase inhibitors 
possess activity to improve glucose intolerance. Further, the present invention used a transgenic 
mouse (TGM) that produced human chymase. Thus, the credibility of the present application is 
completely different from the credibility of the cited references. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 
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The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 

/Susan J. Mack/ 

Susan J. Mack 
Registration No. 30,951 

Date: August 26, 2009 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 
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Novel Thiazolidine-2,4-diones as Potent Euglycemic Agents 
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Bernard Hulin,* David A. Clark,* Steven W. Goldstein,* Ruth E. McDermott, Paul J. Darnbek, 
Werner H. Kappeler, Ohnrles H. Lamphere, Diana M. Lewis, and James P. Rizzi 

Central Research, Pfizer Inc., Eastern Point Road, Groton, Connecticut 06340. Received December 16, 1991 

A new series of tWnzolidine-2,4-diones was obtained hy replacing the ether function of engliuzone with various 
functional groups, i.e., a ketone, alcohol, or olefin moiety. These compounds lower blood glucose levels in the genetically 
obese and instil in- resistant ob/ob mouse. Appending an oxazole-based group at the terminus of the chain provided 
highly potent compounds. 



Non-insulin-dependent diabetes mellitus (NIDDM) is 
a metabolic disorder characterized by hyperglycemia as 
well as insulin resistance and/or impaired insulin se- 
cretion. 1 In the United States 6 million people are diag- 
nosed as non* insulin -dependent diabetics* and it has been 
estimated that an equal number of diabetics remain un- 
diagnosed. 3 A large body of evidence from epidemiolog- 
ical* and clinical*' studies points to a positive relationship 
between hyperglycemia and long-term organ complications 
such as neuropathy, nephropathy, retinopathy, and pre- 
mature atherosclerosis and to the necessity for tight control 
of blood glucose levels in the early stages of the disease/* 

Therapy for NIDDM has been aimed at improving 
gly comic control via a combination of diet, exercise, and 
oral agents. 7 The most commonly used agents are the 



sulfonylureas/ These compounds stimulate the secretion 
of insulin in response to glucose and may have extrapan- 
creatic effects as well. 9 Because of the relatively high rate 
of primary and secondary failure and the high incidence 
of life-threatening hypoglycemic episodes, 10 new agents 
which do not stimulate insulin release are being investi- 
gated. 11 

In 1982, Takeda, Inc.. reported a series of 5-substitut- 
ed-2,4-thiazolidinediones as a new class of glucose-lowering 
agents. 1 "* In this and subsequent papers they showed that 
these compounds and in particular the prototype ciglita- 
zone lower plasma glucose in animal models of NIDDM 
but not in nondiabetic animals. 13 Since that time, nu- 
merous reports have appeared reflecting efforts to discover 
more potent and bet ter tolerated members of this class. 14 
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Our laboratories have recently disclosed a series of di- 
hydrobenzopyran and dihydrobenzofuran thiazolidine- 
diones, including englitazone, a compound undergoing 
clinical studies, 15 as well as a series of 5-benzyl-2,4-oxa- 
zolidinediones. 16 Here we report some studies aimed at 
the discovery of a second generation of 2,4-thiazolidine- 
dione euglycemics with novel structural features and 
greatly improved potency. 




Ciglitazona Englitazone 



Biological Procedure 

Measure of in Vivo Euglycemic Activity. The me- 
thod used has been described previously 1516 and is herein 
repeated for convenience. Six- to eight-week-old C57 
BL/6J*ob/ob mice (obtained from Jackson Laboratories, 
Bar Harbor, ME) were housed five per cage under standard 
animal care practices. After a 1-week acclimation period, 
the animals were weighed and 25 of blood were col- 
lected via the retro-orbital sinus prior to any treatment. 
The blood sample was immediately diluted 1:5 with saline 
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Table I. Euglycemic Activity of Ketones va Ethers 




% glucose normalization in 
ob/ob mouse (mg/kg) a 
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53* 



a Normalization (100%) = ciglitazone effect at 50 mg/kg. *p < 
0.05 when compared to vehicle control. 'Average of 4 separate 
tests, ±20%. d Average of 2 separate tests, ±15%. 

containing 2% sodium heparin and held on ice for glucose 
analysis. Animals were then dosed daily for 4 days with 
drug or vehicle. All drugs were administered by oral ga- 
vage, once daily, in a vehicle consisting of 0.25% (w/v) 
methylcellulose in water with no pH adjustment (0.1 mL 
of solution per 20 g of animal weight). Animals were bled 
24 h after the fourth administration of drug or vehicle (via 
the retro-orbital sinus) for blood glucose levels. The weight 
of each animal was recorded on days 1 and 5 of the 
treatment. The freshly collected samples (125 uL in 
330-uL tubes) were centrifuged for 2 min at lOOOQg at room 
temperature. A 50-jiL sample was analyzed for glucose by 
the Abbott VP Super System Analyzer, 17 using the A-gent 17 
glucose UV reagent system 18 (hexokinase method using 
100, 300, and 500 mg/dL standards). Ciglitazone was 
dosed at 50 mg/kg as a positive control and results are 
reported in all tables as the percentage of glucose nor- 
malization compared to the standard ciglitazone-treated 
group (100% at 50 mg/kg) and the vehicle treated group 
(0%). 

Results and Discussion 

Our strategy for the discovery of novel potent eugly- 
cemics involved the search for a new sterically and bio- 
logically equivalent functional entity to replace the ether 
function found in ciglitazone and englitazone. It was 
thought that such an ether bioisostere ,y would allow us 
entry into a structurally novel class of compounds, while 
modification of the lipophilic u taiP part of englitazone 
might greatly improve the potency, as had been the case 
in the ether/thiazolidinedione 144 and ether/oxazolidine- 
dione Ifl scries of compounds. 




1 



The ether oxygen of the 2- benzyl benzopyran l HhI5 was 
replaced by sulfur, substituted nitrogen, and carbonyl 
groups. While the sulfur and nitrogen analogues were 
somewhat inferior in potency, 20 the analogous ketone 2 as 
well ns the alicyclic ketone 3 possessed equivalent activity 
(Table I). 



(17) A registered trademark of Abbott Laboratories, Diagnostic 
Division. 820 Mission Street, So. Pasadena, CA 91030, 

(18) A modification of the method of: Richterich, R.; Dauwalder, 
H. Assay of Blood-Glucose by Hexokinase/Glucose-6-Phoa- 
phnte Dehydrogenase Method. Schweiz. Med. Wochenscr. 
1971. 101,615. 

(19) Lipinski, C. A. BioiRosteriBm in Drug Design, Ann. Rep. Med. 
Chem. 1986, 2i, 2S3-291. 

(20) Goldstein, S. \V\; et al. Manuscript in preparation. 
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Table II. Euglycemic Activity of Ketone Analogues of 3 

O 



corapd 



% glucose 
normalization 
in ob/ob mouse 
(mg/kg)« 



no. 


K 


A 


v 
1 


io 


1 A 


5 


3 


H 


U 


(trl 2 ) 2 




81 c 




I 


H 


0 


CH 2 




0 




5 


H 


0 


(CH 3 ) 3 




26 




6 


H 


0 


0CH 2 




7 




7 


4-OBn 


0 


(CH S ) 2 




45' 




8 


4-Ph 


0 


(CH 2 ) 2 




71* 


54 


9 


2-OMe 


0 


(CH 2 ) 2 




0 




10 


4-OMe 


0 


(CH 2 ) 2 




50 




11 


H 


0 


CH*-CH (E) 




65* 


23 


12 


4-OBn 


0 


CH=CH (£D 


96 f 


57* 


64* 


13 


2-OMe 


0 


CH— CH (E) 




66f 


50 


14 


2-C1 


0 


CH— CH (E) 




44* 


65* 


15 


2-CF 3 


0 


CH=CH (E) 




57 b 


39 


16 


2-Bn 


0 


CH«CH (E) 




56* 




17 


3-CI 


0 


CH— CH (E) 




4 




18 


4-Br 


0 


CH^CH (E) 




28 




19 


4-COOEt 


0 


CH-CH US) 




4 




20 


4-Ph 


0 


CH«-CH (E) 




56 




21 


2-OH 


0 


CH— CH (E) 


0 






22 


2-Me 


0 


CH=CH (E) 




21 




23 


4-CHjOMe 


0 


CH— CH (E) 


0 






24 


4-OMe 


0 


CH=~CH (E) 




68 s 


0 


25 


4-NMe 2 


0 


CH=CH <E) 




17 




26 


H 


H, OH 


(CH 2 ) 2 




89* 


47* 


27 


H 


H, 


(CH a ) 2 


W 


77 k 


46 



"Normalization (100%) = ciglitazone effect at 50 mg/kg. b p < 
0.05 when compared to vehicle control. * Average of 4 separate 
tests, ± 20%. 4 Average of 2 separate tests, ±16%. 'Average of 2 
separate tests, ±13%. 'Average of 2 separate tests, ±4%. 
'Average of 2 separate tests, ±6%. H Average of 2 separate tests, 
±12%. 'Average of 3 separate tests, ±47%. 'Average of 2 sepa- 
rate tests, ±14%. * Average of 2 separate tests. ±23%. 

It is also apparent that the tetralone 2 offers no potency 
advantage over the open-chain ketone 3. In addition, in 
the benzopyran series, the stereogenicity at C-2 of the 
benzopyran ring of I has been shown to have Little influ- 
ence over its euglycemic potency. 16 Assuming the same 
lack of effect of C-2 in the tetralone 2, the cyclic structure 
would present no distinct advantage over the simpler al- 
icyclic analogue 3. We therefore chose 3 as our new 
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starting point. Close-in analogues of 3 were prepared in 
order to probe the following areas of the molecule; (a) the 
pendant phenyl ring; (b) the ethane linker; (c) the ketone 
function; (d) the "internal" phenyl ring. The results are 
shown in Table II. 

While several compounds generated in this analogue 
program have potency equivalent to 3, no significant im- 
provement was achieved. The ethane linker could not be 
shortened (4), lengthened (5), or incorporate an oxygen (6) 
without virtually complete loss of activity. Introduction 
of a double bond in this spacer, however, produced com- 
pounds with similar activity (11, 12). Attempting to in- 
crease the potency by substitution on the pendant phenyl 
ring proved equally difficult and only equipotent com- 
pounds to 3 could be found (7-25). Manipulation of the 
carbonyl group of 3 gave interesting results. While the 
activity of the alcohol 26 (equivalent to 3) was not unex- 
pected, to our surprise, the methylene analogue 27 was also 
equipotent, indicating that the presence of an oxygen 
functionality, or indeed of any functionality, is not required 
at that position. 

Our next step was to replace the phenyl tail by a het- 
erocycle. The initial results are presented in Table III. 

As was the case in the ether/ thiazolidinedione 14 * and 
et her/ osazolidinedione 16 series, replacement of the phenyl 
group by a 4-linked oxazole leads to a remarkable jump 
in potency, as exemplified by 32 (CP-86,325). This effect 
appears to be specific to the 4-oxazole moiety: the anal- 
ogous thiazole group displayed considerably weaker ac- 
tivity. In addition, introduction of a furan (28, 31), pyr- 
idine (33, 34), or benzothiazole (29) ring at the end of the 
ethane linker results in similar to or markedly lower ac- 
tivity than that of 3. We thus proceeded to explore the 
structure-activity relationship (SAR) around 32, further 
introducing fine modifications in all areas of the molecule 
except the oxazole ring which appears to be essential to 
ensure high potency. Table IV illustrates the influence 
of the substitution on the oxazole ring. While removal of 
the 5-methyl group lowers the activity, the 2-position is 
amenable to substitution. Indeed, the phenyl ring can be 
substituted with a 4-trifluoromethyI (41) or 3,5-di- 
methyl-4-raethoxy (44) group, or replaced by a 4- 
methyl-2-furanyl group (47) with retention of the activity. 
These four compounds (32, 41, 44, 47) have an ED^q (de- 
fined as the dose causing 507c normalization) close to or 
below 0.1 mg/kg, a considerable improvement over 3 and 
1 (ED W ca. 5 mg/kg). 

Table V shows the activity of various reduction products 



Table HI. Euglycemic Activity of Ketones and Alcohols Equipped with Heterocyclic Taila 

O 



o 



com pel 



% glucose normalization in 
oh/oh mouse (mg/kg)* 



no. 


A 


Ar 


X-Y 


10 


5 


2.5 


28 


0 


2-furyl 


CH-CH iE) 


65* 






29 


0 


2-benzothiazoiyl 


CH=-CH (E) 


0 






30 


0 


5-methyl-2-phenvl-4-oxazolyl 


CH^CH (£) 


59 


100* 




31 


0 


2-furyl 


CH,— CH, 


24 






32 


0 


5-methyl-2-phtnyl-4-oxa2olyl 


CH 2 — CHo 


100* 


100* 


88* 


33 


H, OH 


2-pyridyl 


CH 2 — CH 2 


13 






34 


O 


5-©thyl-2-pyridyl 


CH,— CH, 


41 


0 




35 


O 


2-phenyM-thiazolyl 


CH,-CHo 




91* 


48* 


36 


0 


4-methyl-2-phenyl-5*thiazolyl 


CH -CH 2 




75* 


Xi d 


37 


0 


2-methyl-4-phenyl-5-thiazolyl 


O Hi CHj 




6l fc 


0 



I 

ft 



1 



* Normalization (100%) 
,1 Average of 2 testa, ±1 %. 



ciglitazone effect at 50 mg/kg. b p < 0J15 when compared to vehicle control. 'Average of 2 tests., ±12%. 
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Table IV. Effect of Substitution of the Oiazole Riny on 
Euglycem ic Activity 



Scheme I c 



cornpd 



% glucose normalization in 
ob/ob mouse (mg/kg) fl 



no. 


R 1 


R 2 


1 


0.5 


0.25 


0.1 


32 


Ph 


Me 


100* 


97 r 


83 d 




38 


Ph 


H 




30 


52' 




39 


4-OMe-Ph 


Me 


95 ft 


43 fe 






40 


4-Me-Ph 


Mo 


47' 


47* 


15* 




41 


4-CF 3 -Ph 


Me 


W h 


69* 


81 fe 


M h 


42 


4-Me-Ph 


H 




0 


16^ 




43 


4-OH-Ph 


Me 


0 








44 


4-OMe-3,5-Me>-Ph 


Me 


100* 


100* 




75 s 


45 


4-OH-3,5-Me*~~Ph 


Me 


100" 


30 






46 


2-furyJ 


Me 


61* 




87* 




47 


2-(5-rnethylfuryl) 


Me 




68* 


47 


48 


2-tbienyl 


Me 


84* 




27 




49 


2-naphthyl 


Me 


39^ 









0 Normalization (100%) = ciglitnzone effect nt 50 nig/kg. b p < 
0.05 when compared to vehicle control. c Average of 3 separate 
tests, ±5%. d Average of 3 separate tests, ±13%. 'Average of 6 
separate tests, ±30%. ' Average of 2 separate tests, ±3%. 
'Average of 3 separate tests, ±31%. h Average of 2 separate tests, 
±32<&. ' Average of 2 separate tests, ±1 % . > Average of 2 separate 
tests, ±10%. h Average of 2 separate tests, ±20% . 

Table V. Euglycemic Activity of Ketone Reduction Products 



Ph* 



MB 



joncj 



o 







% glucose normalization in 




compd 


ob/ob mouse (nog/kg)" 


no. 


X 


0.5 0.25 0.1 0.05 


50 


CH-CHOH 


100* 85' 93* 72^ 


51 


CH=-CH 


84 d 74" 29* 


52 


(CH.) : 


37 



° Normalization (100%) = ciglitazone effect at 50 mg/kg. b p < 
0.05 when compared to vehicle control. c Average of 1 separate 
tests, ±12%. J Average of 2 separate tests, ±8%. 'Average of 2 
separate tests, ±3<&. 

of the ketone function of 32. The alcohol is fully active, 
the olefin 51 is also very potent although somewhat less 
so than 32, and the hydrocarbon 52 is clearly inferior. 
Changing the central phenyl ring into a 2,4-disubstituted 
thiophene led to compounds generally less active (Table 
VT). Interestingly, in this group of compounds the olefin 
59 was more potent than the corresponding ketone 57, a 
reversal of the potency order seen between 32 and its 
corresponding olefin 51. 

With the ED^, comfortably below 0.5 mg/kg, we pro- 
ceeded to search for new isostcres of the ketone function 
in order to expand the scope of this study. As shown in 
Table VII, all sulfides, sulfones, amides, and sulfonamides 
examined were comparatively inactive. The oxime 72 
showed a 10- fold drop in potency. It is unclear whether 
this compound is converted in vivo to the ketone 32. - 1 



(21) See, for exajnple: (a) Slcmson, L. A. Species Variation in the 
Metabolism of Acetophenone Oxime by Hepatic Enzymes. 
Pharmacology 1975, 13, 234. (b) Hucker, B.; Michniewic, B. 
M.; Rhodes, R. E. Phenyl met one Oxime An Intermediate in 
the Oxidative Dea mi nation of Amphetamine. Biochem. 
Pharmacol. 1971,20, 2123-2128 



84 



O 
1 1 



O 



r 



Ma) Thiourea, aulfolane, 110 °C, then 2 N HCI, 110 °C; (b> 
benzaldehyde, NaOMe, ethanot; ic) triethylsilane (I equiv), tri- 
fluoroacetic acid, 0 °C; (d) triethylsilane (3 equiv), trifluoroacetic 
acid, 0 °C to room temperature; (e> aixlium boruhydride, methanol. 

Finally, Table VIII examines the activity of the a*,/?-un* 
saturated thiazolidinediones. The parent compound 75, 
as well as the thiophene analogue 82, appears to have 
comparable activity to 32, while all other analogues pre- 
pared showed reduced activity at 1 mg/kg. However, the 
insolubility of these compounds makes any precise analysis 
difficult. 

In summary, we have shown that the ether linkage of 
englitazone could be adequately replaced by carbonyl, 
carbinnl, or olefin groups and t hat high potency could be 
obtained by appending the 5-methyl-2-aryl-4-oxazolyl tail. 
Based on its remarkable in vivo potency (50- 100- fold im- 
provement over englitazone), CP- 86,325 (32) was selected 
for clinical studies. 

Chemistry 

Each compound in this paper was prepared according 
to one of the standard methods described in the schemes 
below. Table IX contains analytical data and shows which 
method was used for each individual compound. 

All phenethyl ketones were synthesized by aldol con- 
densation 22 followed by reduction to the saturated ketone, 
the alcohol, or the alkane (Scheme I). The heterocycie- 
substituted ethyl ketones were prepared by alkylation of 
keto ester 86 followed by decarboAvlation/deprotection 
and conversion of the aldehyde to the thiazolidinedione 
by the standard procedure 15 (Scheme II). The amides and 
sulfonamides were put together by straightforward cou- 
pling reactions (Scheme III). 

The shortened-chain and oxygen-inserted compounds 
4 and 0 were prepared according to Schemes IV and V, 
respectively. The sulfides were synthesized by alkylation 
of 4-bromothiophenol followed by formylation and con- 
version of the aldehyde to the thiazolidinedione, and the 
sulfones were obtained by m-chloroperbenzoic acid oxi- 
dation (Scheme VI). The thiophene compounds were 
prepared in a similar fashion to the phenyl analogues 
(Scheme VII), the aldehyde function being introduced at 
a later stage in the synthesis. All saturated thiazolidine- 
diones are racemic compounds. AH secondary alcohols 
(e.g., 50) are mixtures of the four possible isomers. 



(22) Nielsen, A. T.; Houlihan, W. J. The Aldol Condensation. Or/}. 
React. 1068, 16\ 1-141. 
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Scheme II 4 
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OH ° 






O 




JL NH 






NO Me 


0 
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73 



CH 



I' 



O 

Ph^N 



o 



NH 



Ph 



51 



52 



fi (a) Sodium hydride, THF, then NaOH. then 1 N HC1; (b) 2,4-thiazolidineclione, piperidine. ethanol, rrOnx: (c) H 2 . Pd-C; id) sodium 
borobydride, 2-propanol; (e) me thoxy amine hydrochloride, pyridine, tlhannl; (0 p-toluenesulfonic acid, toluene, reflux. 



Scheme III 41 



Scheme IV- 
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bd 
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oa 
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nediono 



OH 9Q 

RnMgBr, ether, :S0 °C; ih) \\C]O t , THF; (c) '2,l-thtr t zolidi- 
e. NaOAc, l-Iti "C; <d> NafHp, methanol; te> H,CrO<, ether. 
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f*HOr 
93 



Scheme V* 

rr 



Cr 



c.d 



9 7 



CH 
03 



OlfcS 
CO 



O 



5 V' 



8 (a) Chiorosulfunic acid; fb> LiAlH,. ether; (c) PDC, CHX'l,; (di 
MeNH^ MgSO,, ether then NnRH<, methanol; (e) 4 - car boxy be nz 
aldehyde. i-BuOCOCI, Et^N, CH,Ck (0 2.4-ihlazolidinedione, 
NaOAc, 140 e C; (g) Pd-C, THF; (h) 89. i-Pr.EtN, CHX1 ? ; (i) 
BzCl, pyridine, then Ae 2 0, 90 e C; (j) P0C1 :? , toluene, reflux; (k) I N 
NaOH, reflux; (I) 5-(4-aminobenzyl)thiazolidine-2.1-dione, 
CICOOEt. Et.,N. CH.CU 

Experimental Section 

Melting points were taken using a Tlioinua Hoover apparatus 
and are uncorrected. Elemental analyses were carried out by the 
Analytical Department of Pfizer Central Research and results 
ohtained for specified elements nre within ±0.4 *X of the theoretical 
vaJues unless otherwise denoted. l H NMR spectra of deutcrio 



Mai Phenol, K-CO-. acetone; <M NnBH t . t'-PrOH. CHXI : ; (c) 
1-BuMojSiCI, imidazole, DMF; fdl n-BuU DMF. THF; (e) 2,1- 
ihiuzolidiuedione. NaOAc, 140 °C; if) NalHg). methanol; fg) HC1- 
O t> Till'; (h> H 2 CrO (t ether. 

chloroform or DMS0-d 6 solutions (internal standard TMS, 5 0 
or the solvent was utilized as an internal standard and deuterium 
lock) were recorded on Varian A-Ctt, Bruker AM-250, or Varian 
XL-300 spectrometers. Ixiw resolution and high resolution mass 
spectra were obtained on Finnisran 4510 and AEI MS* 30 instru- 
ments, respectively. Compounds analyzed by high resolution mass 
spectroscopy (HUMS] were >957< pure, as determined by proton 
NMR and thin-layer chromatography. Infrared spectra were 
recorded on a Perkin- Elmer 283 spectrophotometer. 
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Table VI. Euglycemic Activity of Thiophene Analogues of 32 
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% glucose normalisation in ob/ob mouse (mg/kg)° 
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CHjCHOH 


Me 
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CH 2 CO 


Me 


4-CI-Ph 
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CH.CO 
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4-Me-Ph 




0 
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CH*CO 


Me 


4-Me-Ph 






100' 
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CH*CO 


Me 


4-CFyPh 






76 f 
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CH-CH 


Me 


4-Me-Ph 




90* 


93' 


73* 


64' 



„ r,' < 0.05 when compared to vehicle control. "Average of 2 separate tests, 
'Average of 2 separate test*, ±'2 t 7< . ' Average of 2 separate tests, ±3*7* . 



Table VII. Euglycemic Activity of Various Ketone isos teres 
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NHSO* 
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0 
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Ph 
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PhNSO* 
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ii 
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74 


CH.C(NOIin) 
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17 









" Normal izait ion (100%) = cigiitazone effect at 50 ui#:/ kj:- 
0 05 when compared to vehicle control. 

Table VIII. LCuglyceimc Activity of I maturated 
Thiuzolidincdione* 
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Ar 
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Ph 


Me 


SV 
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4-OMe-Ph 
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77 


4-Me-Ph 


Me 
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27 


78 


4-CF,-Ph 
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56' 


28" 


79 


4-Me-Ph 
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53' 




80 


2-fnryl 


Me 


55 




8" 


2-(5-rncthylfuryl) 


Me 


76> 


I 


S2 


2-thiophcnyl 


Me 






S3 


2-nuphth>l 


Me 


9>y 


38' 



13 



'Normalization (1005c) « cigiitazone effect at 50 nig/ kg. *p < 
(105 when compared to vehicle control. 'Average of 2 nepar/ite 
tests, ±2S f A . '* Average of 2 separate lefts, ±11%. 

5*(4-Accty]bcnzyl)thiazolidlno-2,4-dione. A mixture of 
2-bromo-3-( t-ueetvlplienyl)propnnoic ueid 23 (84, S9 tf, 0.33 mol), 



Scheme VP 

100 101 

60 ° 61 ° 

Mn) LiAlH 4f ether; (b) Ph 3 P, CBr 4 , ether; <c> 4 -broraothio phenol. 
NaH, THF; (d) BuLi, DMF, THF; (e) 2.4-thiazolidinedione. pi- 
peridine, ethnnol: (0 Nn(Hg). methanol; fgl m-CPBA. CH 2 CL. 

thiourea (50 g, 0.66 mol), and sulfolane ( 100 raL) was heated lo 
110 °C for 5 h. Then 2 N HC1 (165 mL> was added and the 
mixture was heated to 110 °C overnight. After cooling, the solution 
was diluted with ice-water (700 mL). and the aolid was collected, 
washed with water, and dried (77 g, 94%, mp 170.5-171.6 °0): 
»H NMR (250 MHz, DMSO-cf*) 6 2.55 (s, 3 H). 3.25 (dd, J - 14, 
9 Hz, 1 H), 3.50 (dd, J * 14, 4 Hz, 1 H), 4.95 (dd, J » 9, 4 Hz. 
1 H). 7.40 (d, J « 8 Hz, 2 II), 7.85 (d, 7 = 8 Hz, 2 H), 12.05 (br 
s. 1 H): ir 'C NMR (63 MHz. DMSO-4,) o 2G.fi, 36.9, 52.0, 128.2, 
129.5. 171.3, 175.4, 222.0. 

(K)-5«[4-(3-PhenyI-2 p ro pen oyl) benzyl J thiazolidlno-2.4 - 
dione (11). To a slurry* "f 5-(4-acetyll>eiizylMliiazoUdme-2 f 4-dione 
(1.0 4,0 minol) and benzaldehyde (0.41 mL. 4.0 mmol) in et Hanoi 
(10 mL) was added sodium methoxide (4.8 in mol, 0.26 g). The 
solution was heated to reflux for 1.5 h and then cooled, diluted 
with water (60 mL), acidified with 2 N HC1, and extracted with 
ethyl acetate (2 x 50 mL). The combined extracts were washed 
with water (50 mL), dried over sodium sulfate, and concentrated. 
The residue was recrystallized from 2-propanol to give the title 
product as a pole yellow solid (0.33 g, 24 % , mp 1 47-149 °C): *H 
NMR (250 MHz, CDC!,) o 3.24 (dd. J = 14.1. 9.5 Hz. 1 H), 3.45 
(dd, J « 14.1, 4.0 Hz, 1 H), 4.57 (dd, J = 9.5. 4.0 Hz, 1 H), 7.37 
(d, '/ « 8.3 Hz, 2 H), 7.41-7.43 (m, 3 H), 7.51 <d, J = 15.7 Hz, 1 
H), 7.63 7.G6 (m. 2 H), 7.H2 (d, J = 15.7 Hz, 1 H), 7.98 (d, J « 
8.3 Hz. 2 H), &71 (br s, 1 H); U C NMR (75 MHz, CDC1 S ) 6 38.5, 
52.7. 121.8, 128.5, 129.0, 129.1, 129.6. 130.7. 134.8, 137.6, 145.2, 
169.8, 173.7, 190.1; IK (KBr) v (cm' 1 ) 770. 1 155, 1220, 1330, 1570, 
1590, 10a), 1710 (s), 1725, 1750, 3060, 3200; MS (El) m/e 337 (M*), 
221. 193, 178, 131, 118, 103, 90, 77. 5L Ana). (Ci 3 H iS N0 3 S) C, 
H. N. 

5-[4-(3-Pheuylpi^pionyl)benz>13lliiazolidiiie~2,4-diotio (3). 
To an iee-ctx>led solution of 11 (2.0 g, 5.9 mmol) in trifluoroecetic 
ac id (20 niL) was added triethylsilane iO.Vb mL. 5.9 mmol). The 
mixture wns stirred for 25 min at 0 °C and then diluted witli water 
(50 mL) and extracted with ether (2 x 40 mL). The combined 
extracts were washed with water (2 x 40 mL) and 5% sodium 
bicarbonate (2 X 40 mL), dried over sodium sulfate, and con- 
centrated. The residue was triturated with hexane to give 3 as 
a pale vellow solid (1.65 g, 82%, mp 119-121 C C): *H NMR (300 
MHz. DMSO-de) 6 2.95 ft, J = 7.5 Hz, 2 H), 3.20 (dd, t/ « 14, 9 



(23) CI eland, G. H. p-Acctyl-a bromohydrocinnamic Acid. Organic 
Syntheses; Wiley: New York, 19S8; Collect. Vol. VI, pp 21-23. 
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Table IX. Analytical Data nnd Preparation 



comrxl 



formula 



mp <°C) 



prep 
met hod J 



anal, compd 



formula 



mp <°C> 



prep 
method* 



2 C.HnNOjSNa-VsHjO 

3 C^H r N0 3 S 

* 4 C„H ia NOjS 

5 CscHwNO^/ffliO 

6 C„H t ftN0 4 S 

1 7 CxHaNO^S-HaO 

8 C»H,,NO^V-H,0 

9 C->H ls NNa0 4 S 

X 10 C sa HtiNNaO«S- , /slI s O 

11 C^HjsNOaS 

12 C ai H2,N04S- l / 8 H 3 0 
I 13 CmHuNOiS-H.O 

14 C ll H li ClNO^- l /«H : 0 

15 C J0 H ll NNaO s S- l / £ ll 2 O 
r 16 C^H tl N0 3 S.V;H s O 

17 C,^,«C1NOjS-7<H20 

18 C ls H„BrKN0,S 

¥ 19 C 22 H I> NO ? S. , /4H,0 

* 20 CasH^NOyS-S^MjO 

21 C I9 H |4 N0 4 S 

22 C^HjiNOjS-II.O 

1 23 C«H,4NNo0 4 S- a /iH 2 0 

24 C 2D H lT NO t S. , /4H J 0 

25 C*,H,gN*Na0 5 S-H K 0 

I 26 CljHuNNaOsS-V.HjO 

j 27 C l9 H| 9 NO,S 

28 C n H ls KN04S- l / 4 H s U 

f 29 C^HH^OaSrVaHaO 

! 31 C l7 H l .,N0 4 SNa.V,H : 0 

I 32 C^H^N^S 

33 C^H n N 2 Na0 3 S. a / 2 H 2 0 

34 CaoH^NjOrS 

35 CaHtftNsO S, 

36 C a H^s'AS ; 

37 C a H,^2NnO a S2 

38 C«H„N.OA 

39 C^I^N.O^S 
-10 C««H~N : O l S 

41 C^HttPjNsO^ 

42 (^H^N.OvS 



anal 



288-259 A C.H.N 43 C^H^N-A^V^O 218-219 H C.H.N 

119-121 A C.H.N 44 C^H^N 2 NaO,S 225-235 A C.H.N 

145-146 D C.H.N 45 C rj H 23 N 2 Na0^.2H i O 150-200 H C.H.N 

138- 140 A C.il.N 40 C%,H H N.O*S-7,C 4 H„0- 155-156 A C.H.N 
170-174 E C.H.N 47 C-H^N,NaO,S 203-210 A HUMS 
97-101 B C.H.N 48 C^H^N^S. V 4 H.O 157-158 A C.H.N 
99 100 B C.H.N 4U C-H^N^S 183-189 A C.H.N 
269 dec R C.H.N 50 C^H n N.Na0 4 S 268-272 B C.H.N 
272-274 B C.H.N 51 C~.H^N,NeO,S.H~0 285 dec B C.H.N 
147 149 B C.H.N 52 C»H K N.O,S 98-99 B C.H.N 
240 dec B C.H.N 53 C u H, 9 N.NaO ( S 2 206-210 G HRMS 
gum B C.H.N 54 CjH^N-O,!^ 164-166 G C.H.N 
193-196 B C.H.N 55 C I H Z7 CIK,0«S-. 147-119 G HRMS 
251-254 B C.H.N 5C C.H^NX^'/jC-H^Cl 151-153 G C.H.N 
135-136 B C.H.N 57 C^H^N.O^'/jHjO 158-100 G C.H.N 
162.5-161 B C.H.N 58 C^H^N-O^. 157159 G C.H.N 
>25ti B C.H.N 59 C~.H, s N,NaO,S, 245-250 G C.H.N 
173 R C.H.N 60 C H^N NaO^ 268-270 F C.H.N 
198.5-20*') B C.H.N 61 C~tUoN.Oa$3 foam F HRMS 
150 153 R C.H.N 62 C^H^N.O^< 77-80 F HRMS 
115 120 B C.H.N 63 C-H 19 N*0 4 S-H:.0 101-103 C C.H.N 
282-2K6 B C.H.N 64 C^H n N s O«S-HjO 75-7S C C.H.N 
177-180 B C.H.N 65 C^H^N.O.S 95-98 C HRMS 
284-286 B C.H.N 6G C^H^N^S-V^O 201-202 C C.H.N 
249-254 A C.H.N 67 cLH M NAS-7 4 HiO 75-77 C C.H.N 
84-80 A C.ll.N G8 C^H^NjC^S-V^O 08.5-70 C C.H.N 
270-275 B C.H.N 69 C.,H 19 N s O^ 120-122 C HRMS 
200-204 B C,II,N 70 C~H n NA£-V«H~0 83-84 C C.H.N 
190-192 B C.H.N 71 C^H^N^O^S. 58-71 C C.H.N 
265 270 H C,H.N 72 C^H^N^S" 202-205 R C.H.N 
145-146 B C.H.N 73 C^H^N^S-V^H-O 138 140 B C.H.N 
125-1 iiO A C.H.N 74 C^>H^N s 0 4 S 175-177 B C.H.N 
168-169 A C.H.N 75 C t H, s N0 4 S 224-225 B C.H.N 

139- 142 A C.H.N 76 C^H^O^S 223-224 A C.H.N 
118-120 A C.H.N 77 C 4 H x N.0 4 S 250-251 A C.H.N 
210-220 dec A C.H.N 78 Cn 4 H, 7 F«N*0<S 244-245 A C.H.N 
151-155 A C.H.N 79 C^H^NX^S 220-223 A C.H.N 
173 3 74 A C.H.N SO C zl H |4i NAS 237-238 A C.H.N 
240-242 A C.H.N *1 C~Hi»N-OsS-7iH»0 236-2K8 A C.H.N 
244 245 A C.H.N S2 C^H^NO^ 237-238 A C.H.N 
143-114 A C.H.N 83 C 7 H. 0 N»0 4 S 221-222 A C.H.N 



* Method A is shown in Scheme I; 
method K in shown in Scheme V; mr 
44 with UBr. AcOH- 



method B is shown in St henic II; method 
thod I*" is shown in Scheme VI; method ( 



C is shown in Scheme III; method D is shown in Scheme IV; 
J is shown in Scheme VII; mcthr*i H, dcmethylatinn of 42 or 



Scheme VI l" 
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Ma) Null TH F then NaOH, then IICl; lb) NaUH 4 , rthuiml; (c) r-BuMc-SiCI. imidazole, I)Ml ; ; (d) o-BuLi, DMF, THF; (e) 2,1-thtazoli- 
dinedione, NnOAc. 140 °C; <H Na(Hu). melhanol; Cg) HCIO,, THF; (h) fi N HCI, THF; (il PDC. CH a CI : . 
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Hz, 1 H), 3.55 (dd, J e 14, 4 Hz, 1 H), 4.95 (dd, J = 9, I Hz, 1 
H), 7.15 On, 1 H), 7.25 (m. 4 H), 7.45 <d, J « 6 Hz, 2 H>, 7.95 (d, 
J » 8 Hz, 2 H), 12.1 (br s, 1 H). Anal (C^HnNOjS) C, H, N. 

5-[4-(3-Phenylpropyl)beDzylJthlazoHdine-2,4-dionc (27). 
A solution of 1 1 (2.0 g, 5.9 mmo)) in trifluoroacetic acid (20 ml), 
cooled to 0 °C, was treated with trie! hyl»i lane (2.8 raL, 18 mmol). 
After 25 mm at 0 °C and 25 min at room temperature, the solution 
was diluted with water (60 ml) and extracted with ether (2 x 
50 raL). The combined extracts were washed with water (2 x 50 
raL) and brine (50 mL), dried over sodium sulfate, and concen- 
trated, leaving a brown nil. The product was isolated by flash 
chromatography (hexanes/ ethyl acetate, 5:1) as a solid (1.11 g, 
58%, rap 84-845 °C): ! H NMR (300 MHz, CDC1 3 ) h 2.03 (quin, 
J - 7.6 Hz,. 2 H), 2.71 (t, J = 6.7 Hz, 2 H), 2.73 (t, J = 6.9 Hz, 
2 H), 3.13 (dd, J = 13.9, 10.2 Hz, 1 H), 3.58 (dd, J = 14.0, 3.7 Hz, 
1 H), 4.56 (dd, ./ - 10.0, 3.7 Hz, 1 H), 7.22-7.35 (m, 8 H) t 7.38 
(t, J = 7.7 Hz, 1 H), 9.61 (br s, 1 H); ,? C NMR (75 MHz. CDCL) 

5 32,95, £5.14,35.56, 38.3G, 53.&3, 125.95, 128.49, 128.59, 129.05, 
129.21, 13X4*. I4L&% 171.72, 175.42; IK (KBr) (cm 1 ) 1170, 1340, 
1700 (s), 1740, 3200 (br). Anal. (C^H^KO^S) C. 11, N. 

f>-[4-(l-Hydroxy-3-phenylpropyl)ben7.yllthiazoliflino-2,4- 
dione (26). To an ice-cooled solution of 3 (1.65 g, 4.9 nimol) in 
methanol (35 mL) was added sodium borohydride (0.1 SI g. 4.9 
minol). The solution was stirred for 2 h at room temperature and 
then quenched with 1 N HCI, diluted with water (100 mL). and 
extracted with ethyl acetate (3 x 50 mL). The combined extracts 
were washed with water (50 mL) and brine (50 mL), dried over 
sodium sulfate, and concentrated, leaving 20 as an oil (1.6 g, 97% ). 
The sodium salt was prepared by combining the product (1.6 g, 
4,7 mmo I) and sodium methoxide (0.26 g, 4.7 mmol) in methanol 
(15 mL) and concentrating the solution to a yellow solid (mp 
249 -254 °C): 'H NMR (250 MHz, DMSO-<* 6 > 5 1.86-1.88 (m, 2 
HI, 2.55-2.73 (m, 3 H).3.67 (dd. J = 13.9, 3.3 Hz. 1 H), 4.19 (dd, 
J - 10.6, 3.4 Hz, 1 H), 4.50 (t, J - 6.1 Hz, 1 H), 7.15-7.28 (m, 
9 H>; l3 C NMR (75 MHz, DMSO-rf*) b 31.62, 31.93, 10.93, 58.68, 
71.51, 125,57, 125.69, 128.23, 128.42, 138.48, 142.11, 143.97, 181.59, 
190.65; IR (KBr) i- (cm 1 ) 700, 1240, 1330, 15,50, 1570 <s), 1670, 
3360; MS (El) mje 281, 176, 105, 9t, 77, CO. Anal. 
tC^H^NNaOaS-V^HsO) C, H, N. 

l-[4-(Diethoxymethy1)phcnyl]ethanol (106). 4 (Diet boxy- 
met hvObenzaldehyde UOt g, 0.5 mol) was dissolved in ether (300 
mL) and the resulting solution cooled to -75 °C. With vigorous 
stirring, methyllithium (390 mL of a 1.4 M ether solution, 0.55 
mol) was added at a rate which maintained the temperature Ixdow 
-60 °C. The reaction mixture was allowed to warm to room 
temperature, poured into ice—water (500 mL). and stirred for 10 
min, and the layers were separated. The aqueous layer was 
instructed with ether (500 mL). The combined organic layers were 
washed with water (500 mL) and brine (500 ml J, drie<l over 
magnesium sulfate, and concentrated to yield a viscous yellow 
oil (110g,98%): l H NMR (60 MHz, CDClj) 6 1.2 (t, J - 8 Hz, 

6 H), 1.4 (d, J = 7 Hz, 3 H), 2.6 (br k, 1 H), 3.5 <q. J = H Hz, -t 
H>. 4.S (q, J = 7 Hz. I 11), 5.4 <5, 1 11), 7.4 (m, 4 H>. 

l.(Diethoxymelhyt)acetophenone. 106 (223 g t 1 .0 mol) and 
manganese dioxide (480 g, 5.5 mol) were combined in toluene (2.5 
L) and the resulting dark suspension wa? heated to reflux for 18 
h, cooled to room temperature, ami filtered over diatomaeeous 
wirlh with ethyl acetate wash. The filtrate was concentrated to 
yield an oil which was distilled to give the title product (134 g, 
i>0%, bp 113 1 15 °r at 0.2-0.7 mmHg): 'H NMR (60 MHz, 
CDCU) 6 1.2 (t, J = S Hz, 6 H). 2.6 (s, 3 H). 3.6 (q, J - 8 Hz, 1 
H). 5.6 is, 1 H), 7.6 (d. J = 9 Hz, 2 H). S.O (d. J « 9 Hz, 2 H). 

Ethyl 2-[l- (Diet boxy methyl) ben zoy I )ace late (86). Sodium 
hydride (32.4 g. 1.35 mol) was added to ice-cooled ether (400 mL), 
followed immediately by diethyl carbonate (96 g, 0.81 mol). After 
stirring for 25 min at room temperature, a solution of 4-<dieth- 
oxymethyOacetophenone (120 g, 0.54 mol) and ethanol (1 mL) 
in ether (300 mL) was added over 25 min at room temperature. 
The mixture was slowly heated to reflux and kept at reflux for 
6 h. The reaction mixture was cooled to room temperature and 
then idr.wly poured into a cold (0 °C) mixture of 10<* HCI (500 
mL) find ether (500 mL). The aqueous layer was separated and 
extracted with ether (500 mL), and the organic layers were com- 
binetl, washed with water (500 mL) and brine (500 mL), dried 
over magnesium sulfate, and concentrated to yield the product 
as a viscous oil (158 g. 99%): >H NMR (60 MHz, CDC1,) » 1.2 



(t, J = 8 Hz, 6 H), 3.6 (q, J - 8 Hz, 4 H), 4.0 (s t 2 H), 4.2 (q, J 
» 7 Hz, 2 H). 5.6 (s, 1 H). 7.6 (d, J * 8 Hz. 2 H). 8.0 (d, J = 8 
Hz, 2 H). 

4- [3*(5-Methyl-2-pbenyl-4~oxazo!yI)proplonyl]benz- 
aldehyde (87). Sodium hydride (3.4 g, 0.14 mol) was combined 
with 250 mL of THF and cooled to 0 °C. With stirring, a solution 
of 86 (41.5 g, 0.14 mol) in THF (250 mL) was added portionwise 
over 0.5 h, maintaining the temperature below 25 °C. After stirring 
for an additional 0.5 h at room temperature, (5 methyl-2- 
phenyl-4-oxazolyl) methyl chloride (85) M (26 g, 0.13 mol) was 
added, and the mixture was heated to reflux for 43 h, cooled, and 
con centra Let! . The residue was taken up in a mixture of acetic 
acid (360 mL) and concentrated HCI (90 mL), heated to reflux 
for 5 h, cooled to room temperature, diluted with water (600 mL), 
anil extracted with 1:1 ethyl acetate/ether (2*1 L). The organic 
layers were combined, washed with water (1 L) and brine (1 L), 
dried over magnesium sulfate, and concentrated. The residue 
was purified by flash chromatography (ether/ chloroform, 1:19) 
and the product isolated as an oil which solidified on standing 
(34 k, 85%, mp 7G-80 °C): l H NMR (300 MHz, CDC1 3 ) i 2.4 (s, 
3 H), 3.0 (t, J = 6 Hz, 2 H), 3.45 (t,J = 6 Hz, 2 H), 7.4 (m ? 3 H), 
7.9 (m, 4 H), 8.1 (m, 2 H), 10.1 (s, 1 H). 

5- [[4-[3-(5-Metbyl-2-phenyl-4-oxazoiy1)propionyl]- 
phenyl]raethylene]tbiazolidine-2,4-dionc (75). 87 (16 g, 50 
mmol), thiazolidine-2,4-dione (11.7 g, 0.10 mol), and piperidine 
(0.85 g, 10 mmol) were combined in ethanol (300 mL), and the 
mixture was refluxed for 24 h, cooled to 0 °C, and diluted with 
ether (600 mL). After stirring for 1 h at 0 °C, the precipitate was 
filtered and triturated with warm (40-50 °C) acetic acid (0.15 L). 
The resulting slurry was cooled to room temperature and diluted 
with ether (0.3 L) and the product was collected (14.2 g, 71%, 
mp 224-225 °C). Anal. (C a H u N 2 0 4 S) C, H, N. 

5-[4-{3-(5-Metbyl-2-phenyl-4-oxazolyi)propionyl]- 
benzyl}thiazolidine-2^4 dione (32). 75 (14.2 g) was hydrogenated 
in THF (800 mL) in the presence of palladium on carbon (10 g) 
in a Parr shaker at 50 psi and room temperature for 24 h. The 
catalyst was recovered by filtration over diatomaeeous earth with 
THF wash. The combined filtrate/wash was concentrated to a 
gum which was crystallized by trituration with 1:1 hexane/ ethyl 
acetate (250 mL) (1 1.4 g, 81 % , mp 145-146 °C): ! H NMR (300 
MHz, CDCU) 5 2.35 (s, 3 H), 2.9 (t, J « 7 Hz, 2 H), 3.22 (dd, J 
« 14, 10 Hz, 1 H), 3.35 <t.,/« 7 Hz. 2 H), 3.5 (dd, J= 14, 4 Hz, 
1 H), 4.5 (dd, J - 10, 4 Hz, 1 H), 7.3 (d, J « 8 Hz, 2 H), 7.4 (m, 
3 H), 7 9 (m, 4 H), 8.32 <br s. 1 H); MS (EI) m/e 420 (M\ 2), 186 
(100);UVX ri4l -253 nm(M«OH). Anal. (C^H^N^S) C, H, 
N. 

5-[4-[3-(5-Methy!-2-pheny]-4-oxazo!yl)- 1 -hydroxy - 
propyl]benzyl]thiazolidine-2,4-dionc (50). 32 (0.70 g) was 
sus pended in 2-propanol (50 mL). Sodium Ixirohydride (0.15 g) 
was added and the mixture was stirred for 2 h, concentrated to 
low volume, diluted with water (50 mL), and extracted with ethyl 
acetate (2 x 200 mL). The combined organic layers were washed 
with brine, dried over maimesium sulfate, and concentrated, and 
the residue was chroma tograp bed on silica gel (hexanes/ ethyl 
acetate, 1:1, 17c acetic acid) to vield 50 as a solid (0.32 g, 46%, 
mp 50-55 °C): »H NMIi clOU MHz, DMSO-d e ) « L92 (m. 2 H), 
2.24 <«,3 H), 2.48 (t, J - 7.8 Hz, 2 H), 3.11 (dd, J = 14, 9.6 Hz, 
1 H), 3.39 (dd, J = 14.2, 4.0 Hz, 1 H), 4.66 (rn, 1 H), 4.87 (dd, J 
- 8.8, 3.6 Hz, 1 H), 5.29 (m, 1 H), 7.19 (d, J - 7.2 Hz, 2 H), 7.29 
(d, J - 7.3 Hz, 2 H), 7.43-7.48 (m. 3 H), 7.87-7.90 (m, 2 H). Anal. 
(C^H :i N 3 NaO«S) C, H, N. 

5-f4f3-(5-MethyL2-phenyl-4-oxazolyI)-l-propenyI]- 
bonz:yl)thiazoHdine*2,4 dione (51). A solution of 50 (7.3 g, 17 
mmol) and p-toluenesulfonic acid hydrate (1.0 g, 5.3 mmol) in 
toluene (150 mL) was heated to reflux overnight. The solution 
was diluted with ethyl acetate (150 mL), washed with water (2 
X 150 mL) and brine (150 mL), dried over sodium sulfate, and 
concentrated. The product was purified by flash chromatography 
{hexanes/ethyl acetate, 3:2) and obtained as a gummy solid (3.5 
K, 50%). The product wtus dissolved in ethyl acetate (150 mL) 



(24) Goto, Y.; Yamazaki, M.; Haraana, M. Studies on Azole Com- 
pounds. IIL Reactions of Oxazole-/V-Oxides with Phosphoryl 
Chloride and Acetic Anhvdride. Chem. Phann.BuU. 1971, 19, 
2050-2057. 
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and sodium 2Hithylhexanoate (1.5 g, 3.7 mmo!) was added in ethyl 
acetate (50 mL). The sodium salt was collected and washed with 
ether (2.6 g. rnp 288 6 C): »H NMR (300 MHz, DMSO -dj h 2.38 
(a, 3 H), 2.66 (dd f J = 13.8, 10.5 Hz, 1 H), 3.38 (t. J = 6 Hz, 2 H), 
4.13 (dd, J - 10.4, 3.3 Hz, 1 H), 6.2 (dt, J - 16, 6 Hz, 1 H), 6.47 
(d, J = 16,2 Hz, 1 H), 7.12 (d, J = 8.3 Hz, 2 H). 7.29 <d, J * 7.9 
Hz, 2 H), 7.46-7.50 <m, 3 H), 7.89-7.92 (m, 2 H); I3 C NMR (75 
MHz, DMSO^) 6 9.95, 28.99, 39.67, 58.02, 125.48, 125.88, 126.72, 
126.23, 127.50, 129.07, 129.11, 130.03, 130.51, 134.16, 1&5.03, 138.05, 
144.21, 158.39, 180.58; IR (KBr) r (an 1 ) 1240. 1330, 1550, 1570 
(s), 1670; MS (EI) m/e 404 (M + ), 288. 173, 105. Anal. <CV 
H 19 N 2 Na0 3 S.H 2 0) C, H, N. 

5-[4-[3-(5-Methyl-2-phenyl-4-oxazo!yl)propyl]benzyl]- 
thiazolidine-2,4-dione (52). A solution of 51 (0.5 g, 1.2 mmol) 
in ethyl acetate (40 mL) containing 5% palladium on charcoal 
(0.45 g) was hydrvgenated at 40 psi in a Parr apparatus overnight. 
The catalyst was filtered over diatomaceoua earth, the solvent 
was evaporated, and the residue was purified by flash chroma- 
tography (hexanes/ethyl acetate, 3:2). 52 was obtained as a white 
solid (0.40 g, 80%, mp 98-99 °C): *H NMR (300 MHz, CDC1 3 ) 
h 1.97 (qum, J = 7.6 Hz, 2 H). 2.27 (s, 3 H), 2.50 (t, J *= 7.5 Hz, 
2 H), 2.64 (t, J « 7.7 Hz, 2 H), 3.05 (dd, J « 14.0, 9.9 Hz, 1 H), 
3.48 (dd, J « 14.1, 3.8 Hz, I H), 4.46 (dd, J « 9.9, 3.9 Hz, I H>, 
7.12 (AB, J - 9.0 Hz, 1 H), 7.14 (Afl, J = 9.0 Hz, 1 H), 7.38-7.44 
(m, 3 H), 7.1)5-7.98 (m. 2 H), 9.73 (br s. 1 H); ,a C NMR (75 MHz, 
CDC1 3 ) 6 10.2, 25.2, 30.4, 34.9, 38.3, 53.6, 126.0, 126,6, 127.8. 128.7, 
129.0, 129.1, 129.8, 133.3, 135.7, 141.6, 143.5, 159.4, 171.0, 174.8; 
IR (KBr) r (cm' 1 ) 720, 1130, 13-10, 1700 (si, 1750, 2950; MS (EI) 
m/e 406 (M*), 174, 173, 172, 145. 117, 105, 104, 77, 70. Anal. 
(CaH^NaOsS) C, H, N. 

5-[4-[3-(5-Methyl-2-phenyl'4-oxazolyl)-l-(methoxy- 
lmino)propyl]bcnzyl]thiazolidine-2,4 dione (73). 32 (0.10 g, 
0.24 mmol), methoxyamine hydrochloride (50 mg, 0.60 mmol), 
and pyridine (2 mL) were combined in ethanol (3 mL) and the 
mixture was stirred at room temperature for 18 h and then 
cuncentrated. Tlie residue was taken up in ethyl acetate (7.5 mL), 
washed with cold 18% HC1 (6 mL), and brine (5 mL) and con- 
centrated to yield 73 as a white Bolid which was ^crystallized from 
ethyl acetate/hexanes (rnp 138-140 °C): *H NMR (300 MHz, 
DMSO dg) I 2.18 (s, 3 H), 2.64 (t, J ~ 7 Hz. 2 H>, 2.99 (t, J = 7 
Hz, 2 H), 3. 10 (dd, J = 14, 9 Hz, 1 H). 3.35 (dd, J = 14, 4 Hz, 1 
H), 3.88 (s, 3 H), 4.88 (dd, J - 9, 4 Hz, 1 H), 7.22 (d, J =» 8 Hz, 
2 H), 7.46 7.48 (m, 3 H), 7.55 (d, J = 8 Hz, 2 H), 7.86-7.90 (ni, 
2 H). Anal. (C. j H 2a N 3 0 4 S. I /,H,0) C, H, N. 

5-Benzylthiazolidine-2,l-dione (88). A solution of 5-(phe- 
nylmeliiyleiKf)tlu"a2olidine-2,4-dione (25 g T 0 12 mol) in THF (750 
mL) and acetic acid (250 iuL) was hydrugeiwiU*d in a Parr shaker 
over 10% Pd-€ (25 g of 50% wt water). The catalyst v;as removed 
by filtration over diatomaceoua earth and the solvent evaporated. 
T\ye solid was i^rystallized from ethanol/wator (1:2) and obtained 
as pale grey cry a t als ( 1 5 , 60 7o , in p 101-103 ft C ) . 

4-[(2,4-bioxothtazoIidin-5-yl)methyl]bcnzenesuifonyl 
Chloride (89). Chlorosulfonic acid (5 mL) was cooled to 0 *C 
and 88 (9.6 mmol, 2.0 g) wnH added port ion wise. The reaction 
mixture was stirred at room temperature for 0.5 h and poured 
into ice (25 g). The solution wan extracted with methylene chloride 
(2 X 50 mL), the combined organic layers were dried over sodium 
sulfate, and the solvent was removed to aliord the product which 
was used without further purification. 

Ethyl 5-MethyL3-oxo-2-phenyloxaHo}e-4-cai bosylate Ily* 
drochloride (107). To a solution of ethyl 2-(hydroJiyimino)-3- 
oxobutyrate^ (340 g, 2.2 mol) in acetic acid (560 mL) was added 
henzaldehydc (290 mL, 2.8 mol). The mixture was cooled to 0 
°C and dry* HCl was bubbled into the stirred reaction mixture 
at a moderate rate for 2 h. The mixture was diluted with 3 
volumes of ether and filtered to yield 620 g of wet ether product 
which wan immediately bottled and stored at refrigerator tem- 
perature. 

Ethyl 5~Metbyi-2-pheuyloxazole-4~cnrboxylate (90). 107 
(210 g) was dissolved in ethanol (1 L) and methanol (120 inL) 
and hydrogennted in a Parr shaker river Pd~C < 14 g) at 50 

psi for 3 h, by which tirae uptake of hydrogen was complete. The 



(25) Adkins, H.; Reeve. E. VV. A Synthesis of J/ Threonine. J. Am, 
Chem. Soc. 60, 1:128-1331. 
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catalyst was filtered over diatomaceous earth with methanol wash, 
and the solvent was removed to yield the product as an oil (67 
g, 40%): l H NMR (300 MHz, CDC1 3 ) h 1.42 (t, J « 7 Hz, 3 H), 
2.70 (s, 3 H), 4.42 (q, J = 7 Hz, 2 H). 7.42-7.45 (m. 3 H), 8.05-8.08 
(m, 2 H). 

5-McthyL2-phenyloxazoIe-4 -methanol (108). A slurry of 
LiAiH 4 (11 g, 0.29 mol) in ether (300 mL) was cooled to 0 °C and 
a solution of 90 (67 g, 0.29 mol) in ether (300 mL) was added over 
30 min, maintaining the temperature at 0-10 °C. The reaction 
was stirred for 1 h at room temperature and then diluted with 
THF 1200 mL) and carefully quenched with water (11 mL). 1 N 
NoOH (11 mL), and again water (33 mL). The mixture was stirred 
for 16 min, diluted with THF (200 mL), and fdtered over dia- 
tomaceous earth and the filtrate was concentrated to yield the 
title product as a solid (46 g, >: l H NMR (300 MHz, CDCy 
& 2.43 (e, 3 H), 3.46 (br, 1 H), 4.64 (s, 2 H), 7.43-7.46 (m. 3 H). 
8.00-8.03 (m, 2 H). 

5-Methyl-2«phenyloxazole-4-carboxaidehyde (109). To a 
solution of 108 (20 g, 0.11 mol) in dichloromethane (500 mL) was 
added pyridinium dichromate (120 g, 0.32 mol). The slurry was 
stirred for 7 h. diluted with ether (1 L), and filtered over diato- 
maceous earth and the filtrate was concentrated to yield the 
product as a solid (14 g, 70%): 5 H NMR (300 MHz, CDCl a ) 6 2.72 
(*, 3 H), 7.46-7.48 (m, 3 H), 8.02-8.06 (m, 2 H), 10.0 (s, 1 H). 

N-Mcthyl-N-[(5-methyl-2-phenyl-4-oxazo!yl)methyl]- 
amine (91). 109 (2.0 g, 1 1 mmol) was dissolved in ether (50 mL), 
magnesium sulfate (2.0 g) was added, and the mixture was cooled 
to 0 °C and saturated with gaseous methylamine. The mixture 
wft.i stirred for 15 min at 0°C and then at room temperature for 
3 h and filtered and the filtrate was concentrated. The residue 
was taken up in methanol (50 mL) and cooled to 0 °C and sodium 
borohydride (2.2 g, 58 mmol) was added. The mixture was stirred 
nt 0 °C for 15 min and then at room temperature for 18 h. It was 
then diluted with 2 volumes of water and extracted with ethyl 
acetate (2 X 160 mL). The combined extracts were washed with 
water (2 X 150 mL) and brine (150 mL) and concentrated to yield 
theproductasanoi!(L5g f 46%): 'H NMR (300 MHz. CDC l a ) 
5 2.38 (s, 3 H), 2.45 (s, 3 H), 7.3S-7.41 (m, 3 H), 7.94-7.98 (m, 2 
H). 

4 [/V*-McthyI-iV-[(5-methyl-2-phenyl-4-oxazolyl)]methyl- 
amjnocarbonyl]benzaldehyde (110). To an ice-cooled solution 
of 4-carboxybenzaldehyde (1.1 g, 7.4 mmol) and triethylamine 
(1.0 mL, 7.4 mmol) in THF (50 mL) were added isobutyl chlo- 
roformate (0.96 mL, 7.4 mmol) and after 30 min a solution of 91 
(1.5 g, 7.4 mmol) in THF (30 mL). The mixture was stirred for 
30 min at 0 °C and then at room temperature overnight. Water 
was added followed by 1 N NaOH and the mixture was extracted 
with ethyl acetate (2X). The combined extracts were washed with 
water and brine, dried over magnesium sulfate, and concentrated 
to an oil. The product was purified by flash chromatography 
(hexanes/ ethyl acetate, 1:3) and obtained as an oil (0.52 g, 21%): 
■H NMR (300 MHz, COCK) o 2.20 (s, 1.5 H), 2.48 (s, 1.5 H), 3.05 
Ik, 3 ID, 4.24 (s, 1 H), 4.02 (s, 2 H), 7.37-7.42 (m, 3 H), 7.5G (d, 
,/ = H Hz, 1 H), 7,80-7.98 (m, 5 H), 9.98 (s, 1 H) 

7V-Mcthyl-JV-[(5-methyl-2phcnyl-4-oxazolyl)methyl]-4- 
[(2,4-dioxothiazoIidin-5-ylidene)methyI3benzamide (111). A 
mixture of 110 (0.52 g, 1.0 mmol), 2,4-thiazolidinedione (0.27 g, 
2.3 mmol), and sodium acetate t0.38 g, 4.7 mmol) was heated to 
140 C C for 2 h and then triturated in water, and the resulting solid 
was collected, washed with water, and dried (0.61 g, 90%, nap 
95-98 °C): l H NMR (300 MHz, DMSO-c/ 6 ) 5 2.50 (s, 3 H), 2.95 
(s. 3 H), 4.32 (br s, 1 H), 4.58 (br s, 1 H), 7.48-7.55 (m, 5 H), 
7.62 7.75 (m, 3 H), 7.93-7.96 (m, 2 H); MS (FI) m/e 433 (M + ), 
201 (100). 193, 172. 117. 105. 104. 

N Methyl -N [(5-mcthyl 2 phenyl l-oxazolyI)methyl]-4- 
[(2,4*dioxothiazolidin-5-yl)methyl]bouzaxnide (64). A solution 
of 1 11 (0.30 g, 0.69 mmol) in THF (80 mL) and acetic acid (25 
mL) was hydrogenated over 10% Pd-C sulfur-resistant catalyst 
(0.80 g) in a Parr shaker at 50 psi for 2 h. The catalyst was filtered, 
the solvent was evaporated, and the product was purified by flash 
chromatography (hex anes /ethyl acetate, 1:3) and obtained as a 
solid (81 mg, 27%, inp 75-78 °C); IR (KBr) v (cm' 1 ) 1610, 1700 
(e) r 1750, 3200 (br); MS (El) m/e 435 (M*), 313, 202, 201, 172. 
Anal. (C^HjjNaC^S-HzO) C, H, N. 

N-MethyI-JV-C(5-methyl-2-phenyb4-oxazolyl)methyiJ-4- 
[(2,4-dioxothiax^lidin>5-yi)methyl)bcnzcnesulfonajnide (70). 
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To an ice-cooled solution of 91 (0.59 g, 1.9 mmol) in dichloro- 
methane (20 mL) was added a solution of 89 (0.39 g, 1.9 mmol) 
in dichloromethane (10 mL) followed by dtiBopropylethylamine 
(0.40 mL, 2.3 mmol)- The solution was stirred at 0 °C for 15 min 
and then at room temperature overnight. The solution was diluted 
with dichloromethane, washed with 1 N HC1, 5% sodium bi- 
carbonate (2x), and brine, dried over magnesium sulfate, and 
concentrated to a yellow solid which was purified by flash 
chromatography (cliloroform/iiiethanol, 20:1) and obtained as a 
white solid (0.45 g, 50%, mp 83-84 °C): 'H NMR (300 MHz, 
CDCI 3 ) a 2.41 (s, 3 H), 2.81 (s, 3 HK 3.13 <dd, J = 14.1, 9.4 Hz. 
1 H), 3.46 (dd, ./ = 14.1, 3.9 Hz, 1 H), 4.43 (dd, J - 9.4. 4.0 Hz, 
1 H), 7.34 (d, J = 8.3 Hz, 2 H), 7.39-7.42 (in, 3 H), 7.58 (d, J «= 
8.3 Hz, 2 H), 7.87-7.90 (m, 2 H), 9.49 <br s); IR (KBr) v (cm 1 ) 
1160, 1340, 1705, 17(50, 3210 (hr); MS (El) m/e 471 (M + ), 201, 
172. Anal. (C^H^O^-V^O) C, H. N. 

Methyl 3-Benzamido-4-oxovalerate (93). L-Aepauic acid 
rf-methyl ester hydrochloride (92) (5.0 g, 27 mmol) was partially 
dissolved in pyridine (15 mL) and the mixture cooled to 0 °C. 
Benzoyl chloride (3.1 mL, 27 mmol) was then added dropwise and 
stirring was continued for 1.5 h at 0 °C and 0.5 h at room tem- 
perature. Acetic anhydride (10 mL) was added and the mixture 
was heated to 90 °C for 2 h and then diluted with water (15 mL) 
and heating was continued for 15 min. The mixture was cooled, 
acidified with excess dilute HC1, and extracted with ethyl acetate 
(2 X 75 mL). The combined organic layers were washed with 2 
N HC1 (50 mL), water (50 mL), saturated sodium bicarbonate 
(3 X 50 mL), water (50 mL), and brine (50 mL), dried over sodium 
sulfate, and concentrated to yield a thick oil (4.3 g) which was 
used directly in the next step. 

Methyl 2-(5-Methyl-2-phcnyl-4 oxazolyUacctate (112). 
Phosphorus oxychloride (20 mL) was added to a solution of the 
crude 93 (4.3 gj in toluene (80 mL) and the mixture was heated 
to reflux for 4 h. cooled to room temperature, and poured into 
ice/ water (200 mL). The resulting mixture was adjusted to pH 
7.5 with potassium carbonate and extracted with ether (2 x 100 
mL). The combined organic layers were combined, washed with 
water (100 mL) and brine (100 mL), and concentrated. The 
product was isolated bv flash chromatography (hexanes/ethyl 
acetate, 2:1) as an oil (i.l g, 18%): ! H NMR (60 MHz, CDC1 3 ) 
£ 2.3 (s, :i H), 3.5 (s, 2 H), 3.7 (n. 3 H), 7. 1-7.4 (m, 3 H). 7.7-7.9 
(m, 2 H). 

2-(5-Mcthyl-2-phenyl-4-oxnzolyl)acetie Acid (94). 112 (11 
g, 4.8 mmol) was slurried in I N NaOH (15 mL) and heated to 
gentle reflux for 0.5 It. The resulting solution was cooled to 0 -5 
°C and acidified with t> N HCI. The precipitate wan collected 
and dried (0.82 g, 80%, mp 120.5-124.5 °Cl: 'H NMR (300 MHz. 
DMSO-o\$> h 2.32 (s, 3 H), 3.50 (6, 2 H). 7.40-7.45 (in, 3 II). 
7.85-7.90 (m, 2 H), 12.4 (br s, 1 H). 

5-[ 1-[2-(5-MethyI-2-pbonyI- 4-oxazolyl)acetamido]- 
benzyl]thlazoIidine«2 t 4-dione (66). 94 H).40g, 1.8 mmol) was 
dissolved in dichloromethane (5 mL) and cooled to 0-5 °C. 
Triethylamine (0.22 mL) was added drupvvise followed by ethyl 
chloroformate (0.31 mL). After 15 min of stirring at 0 C C, a 
solution of ^>-(4-amino^>enzyl)tlliazolidine-2.4♦dione l - , 10.71 g, 3.2 
mmol) and triethylamine (0.24 mL) in dichloromethane (15 mL) 
was added. The cold bath was removed and the solution was 
stirred at room temperature overnight. The aolvent was removed 
and the residue was partitioned betweeu 2 N HCI (25 mL) and 
ethyl acetate (25 mL). The aqueous layer was extracted with 
additional ethyl acetate (25 mL) mid the combined organic layers 
were washed with water (30 mL), saturated sodium bicarbonate 
(30 mL), and brine (30 mL), dried over sodium sulfate, and 
concentrated. The product was isolated by flash chromatography 
(hexanes/ethyl acetate. 2:1) as a solid (0.43 g, 55%, mp 201-202 
*C): »H NMR (300 MHz, DMSO-</ ft ) h 2.40 (b, 3 H), 3.07 (dd, J 
« 14.2, 9.2 Hz, 1 H), 3.33 (dd, I H), 3.60 (h, 2 H), 4.95 (dd, J = 
9.1, 4.3 Hz. 1 H), 7.18 (d. J = 8.5 Hz, 2 H), 7.49-7 51 (m, 3 H), 
7.56 (d. J =* 8.5 Hz, 2 H), 7.89-7.9J (m, 2 H), 10.20 <?. 1 H). 12.0 
(brs, 1 H); IK (KBr) * (cm' 1 ) 720, 1620, 1545. IfifiO, 1680 Is). 1755; 
MS (El) m/e 421 (M + ), 174, 173, 172, 106, 104, 70. Anal. 
<C^H J0 N n O 4 S-7 2 H,0) C, H, N. 

l-(4 (DIcthoxymetbyl)phenyI]-2-phenylethanot (113). A 
solution of terephthalaldehyde mono(diethyl acetal) (95) (16 g, 
75 mmol) in ether (200 mL) was cooled to -30 °C and benzyl- 
magnesium bromide (5f> mL of n 2 M solution, 0.11 raol) was added 
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drcmwi&e, keeping the temperature below -20 C C. After 1 h at j 
-20 D C the mixture was warmed to 0 °C, poured into saturated 
ammonium chloride (300 mL), and extracted with ether (2 X 300 i 
mL). Tin* combined extract* were washed with water and brine, * 
dried over magnesium sulfate, and concentrated. The crude 
product was plug-filtered through silica gel using hexane/ether 
(2:1) as a solvent. The product was obtained as an oil (16.7 g, * 
69%). Crystallization in cold hexane gave the pure compound j 
as a white solid, mp 48-50 °C. • 

A 0-Hydroxy-2-phenylethyl)benzaldehyde (96). 113 (8.9 ? 
g, 30 mmol) was dissolved in THF (300 inL) and 3.5% perchloric 
acid (180 mL) and the solution was stirred at room temperature 
overnight. The mixture was concentrated to ca. 150 mL and * 
extracted with ethyl acetate (2 x 300 mL). The combined organic 
layers were washed with water (250 mL), saturated sodium bi- 
earUinate, and brine, dried over magnesium sulfate and con- 1 
centrated to a colorless syrup (6.9 g, 100%): l H NMR (60 MHz, 
CDCIj) b 2.6 (b, 1 H), 2.9 (d, J ■ 7 Hz, 2 H), 4.9 (t, J « 7 Hz, 1 
II), 7.1-7.2 (m, 5 H), 7.3 (d, J = 8 Hz, 2 H), 7.7 (d, J - 8 Hz, 2 * 
H), 10.0 (s, 1 H). ! 

5-[[ l (l-IIydroxy-2-phenylethyl)phen>l]methylene]thia- i 
zolidine-2,4-dione (114) was prepared by condensation with * 
2,4-thiazolidinedione as described above for 111. Yield: 7.5 g 
(75%). Mp 203-205 °C. 

5 [4-(l-Hydroxy-2-phenyIethyl)benzyl]thiazolidine-2.4- 1 
dione (115). To a suspension of 114 (7.0 g, 21 mmol) in methanol 
(750 mL) waa added 3% sodium amalgam (42 g), and the mixture . 
was stirred overnight and then filtered over diatomaceous earth 
and concentrated. The residue was purified by plug filtration 
through silica gel (600 g) using hexanes/ethyl acetate (1:1) with ■ 
2.5% AcOH as solvent. The product was dissolved in ethyl 
acetate, washed with saturated sodium bicarbonate, water, and j 
brine, dried over magnesium sulfate, and concentrated to a light 
yellow gum (4.0 g, 57%). 

5 [ 1 (I Oxo 2 phenyIcthyl)benzyl]thiazolidine 2,4-dione 
(4). An aqueous chromic acid solution was prepared by dissolving ( 
sodium dichroraate (10 g) in water (30 mL), adding concentrated 
sulfuric acid (13.0 g) at 0 °C, and diluting with water to a total 
volume of 50 mL. 1 15 (1.1 g, 3.3 mmol) was dissolved in ether , 
(30 mL) and the oxidizing reagent (4 mL) was added dropwise 
at 0 °C. The mixture was wanned to room temperature mid after 
2 h was diluted with ether (100 mL) and water (25 mL). The 
aqueous layer was ext racted with ether (25 mL) and the combined 
organic phases were washed with water and brine, dried over 
magneuium sulfate, and concentrated to a gum. Tho product was 
purified by column chromatography on silica gel (100 g) using } 
hexnnea/ethyl acetate (2:1) with 2.57c acetic acid as eluent and ; 
crystallized from hexanes/ethyl acetate to give a white solid (0.27 
g, 25%. mp 145 146 °C): »H NMR (sodium salt, 300 MHz, j 
DMSO-f^) S 3.07 (dd, J = 14, 9 Hz. 1 H), 3.46 (dd. J - 14, 4 Hz, f 
I H). 1.23 (dd, J = 9,4Hz,l H), 4.38 U. 2 H), 7.24-7.32 (m, 5 
H). 7.37 (d, J m a Hz, 1 HI, 7.96 (d, J - 8 Hz, I H). Anal. 
;C }B H 15 N0 3 S) C. H, N. 

l-(4-BromophenyI)-2-phenoxyethanol (98). A mixture of 
phenol (1.4 g, 15 mmol). l'-broraophenacyl bromide (97) (4.2 k. 
15 mmol), and potassium car bouate (4.2 g, 30 mmol) in acetone j 
• 50 mL) waa heated to reflux for b* h. The solution was concern ! 
trated, diluted with water (f>0 mL), and extracted with ether (2 j 
x UK) mL). The combined extracts were washed with 10% NaOH j 
and brine, dried over magnesium sulfate, and concentrated. The 
crude product was dissolved in 2-propanol (25 mL) and di- r 
chloromethane (25 mL) and sodium borf)h>"dride (0J>7 g, 15 mmol) j 
was added at 0 °C. After 1 h water was added and the mixture 
was extracted with dichloromethane (2x). The combined extractu 
were washed with brine, dried over magnesium sulfate, and , 
concentrated. Thy product was plug- filtered through silica gel 
with dichloromethane aa solvent to give an oily solid (3.0 g f 68%) 
which was used directly in the next step. 

l-Bromo-4-(l't(rer<-butyldimethylsilyl)oxy]-2-pbenoxy- 
ethyljbenzeno (116). A solution of 08 (2.9 g. 10 mmol), tert- 
Lutyldimethylailyl chloride (1.9 g, 12.5 mmol), and imidazole (1.7 
g, 25 mmol) in DMF (40 mL) was stirred at room temperature 
for 3(5 h. Sodium bicarbonate (10% ) (150 mL) was added and 
tlie mixture was extracted with hexanes (2 x 200 mL). The 
combined extracts were washed with water and brine, dried over 
magnesium sulfate, and concentrated. The residue was pxirified 
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by plug-filtration through silica gel using 20% buiyl chloride in 
hexanes as the solvent The title product was obtained as a 
colorleee oil (2.5 g, 61%): *H NMR (60 MHz, CDC1 3 ) 6 0.4 <s, 3 
H), 0.6 (8, 3 H), 1.45 (B t 9 H), 3.9 (d, J =* 7 Hz, 2 Hi, 5.3 (t, J - 
7 Hz, 1 H), 7.7 {AB, J - 9 Hz, 2 H), 7.9 (AB, </ - 9 Hz, 2 H). 

4- [l-[(/or<-ButyIdimethyUily!)oxy].2.phenoxyethyl]- 
benzaldehyde (99). A solution of 1 16 (2.5 g, 6.1 rnraol) in THF 
(25 raL) was cooled to -78 °C and treated with n-BuLi (3.35 mL 
of a 2 M solution in hexanes, G.7 mmol). The solution was stirred 
at -78 °C for 1 h and then DMF (0.52 ml, 6.7 mmol) was added 
and the solution was stirred for another hour at -78 °C, quenclied 
with 10% HC1, warmed to room temperature, and extracted with 
ethyl acetate (2X). The combined extracts were washed with brine, 
dried over magnesium sulfate, and concentrated. The product 
(2.0 g) was used in the next 3tep without further purification. 

5- [4-[l-[(rorf-ButyldSmethyl8Hyl)oxy]-2-plionoKycthyl]- 
bcnzyl]thiazolidino 2,4 dione (1 17). S-[-l-|i-«f trf-Butyldi- 
methyl8ilyl)oxy]-2-phenoxyethyl]phenylmethylene]thia2olidine- 
2,4-dione (1 18) was prepared by condensation with 2,4-lhtazoti- 
dinedione as described above for ill. The crude product was 
dissolved in methanol (100 mL) and 3% sodium amalgam (20 g) 
was added. The mixture was stirred for 20 h. filtered through 
diniomaceous earth, and concentrated. The residue was taken 
tip in ethyl acetate (500 mL), washed with cold 10% HCI and 
brine, dried over magnesium sulfate, and concentrated. The 
product was purified by plug filtration through silica gel using 
hexanes/ethyl acetate (2:1) as solvent and obtained as an oil (1.6 
g, 55% for 3 steps): *H NMR (60 M Hz, CDCI 3 ) o 0.2 (s. 3 H) f 
0.6 (s, 3 H), 0.95 (s, 9 H), 3.05 (dd, J = 14, 9 Hz, I H), 3.fi (dd. 
J * 9, 4 Hz, 1 H), 3.95 (d, J = 6 Hz, 2 H), 4.5 (dd, ,/ = 9, 4 Hz. 

1 H), 5.0 (t, J « 6 Hz, 1 H), 6.8 7.5 (m, 9 H). 
5-[4-<l-Hydroxy-2-phonoxyethyl)bcnz^l3thiaxoUdine-2,4- 

dione (1 19). A solution of 117 (1.5 g, 3.1 mmol) in THF (50 mL) 
and 3.5% perchloric acid (30 mL) was stirred at n»oni temperature 
overnight It was then extracted with ethyl acetate (2x), and the 
combined extracts were washed with brine, ririwl over magnesium 
sulfate, and concentrated. The product was purified by plug 
filtration through silica gel using hexanes/ethyl acetate (2:1) as 
solvent and obtained as an oil (0.69 g, 64%). 

5-[4-(l-Oxo-2-phenoxyethyl)benzyl3thiazoiidine-2 ? 4-dione 
(6) was prepared by chromic acid oxidation of 119 as descrilx?d 
above for 4 and obtained as a solid (mp 170-171 °C>: 'H NMR 
(300 MHz, DMSOd ft ) o 3.35 (dd, ,/ = 14.9 Hz, I H). 3.54 (dd. 
J « 14, 4 Hz, 1 H), 5.07 (dd, J = 9, 1 H/.. I H) 5»>0 <», 2 H). 7.00 
(in, 3 H), 7.32 (t,J=8 Hz, 2 H), 7.50 (d, J = S Hz, 2 Hi, 8.03 
(d, J - 8 Hz, 2 H). Anal. (C I8 H, s N0 4 S) C. H, N. 

2- (diethyl -2-pbcnyM-oxazolyl )et ha nol (120) was prepared 
by lithium aluminum hydride reduction of methyl 2 (5-mothyl- 
2-phenyl-4-oxazolyl)acetate (100) (1.1 g) as described above for 
108 and obtained as a solid (0.75 g, 7B%, mp 58-00 °C>: l H NMR 
(300 MHz, CDCl a ) h 2.36 («, 3 H), 2.75 (t. J « 0 Hz, 2 Hi, 3.95 
(t, J = 6 Hz. 2 H), 7.42-7.45 (m. 3 H), 7.95-8.01 (m. 2 H) 

.i(2-Bromo<Hhyl)-5-methyl-2-phenylos:nzole (121). To an 
ice-cooled solution of 120 (0.75 g, 3.7 mmol) and carbon teti a- 
bromide (2.5 g, 7.4 mmol) in ether (30 mL) was added iri- 
phenylphosphine (1.9 g, 7.4 mmol). The mixture was stirred tor 
It) min at 0 °C and 3 h at room temperature and then filtered 
and concentrated. The residue was purified by plug filtration 
(silica gel, dichloromethane) and the product obtained as an oil 
which solidified on standing (0.34 g, 35%): 5 H NMR (30O M I fx. 
CUCU * (a, 3 H), 3,05 (t, J = 7 Hz. 2 H), 3.66 <t, J = 7 Hz. 

2 H), 7.39-7.42 (m, 3 H), 7.94-7.97 (m, 2 H). 

i-[2-((4-Rromophenyl)t hiojot hyl]-5-methyl -2 -phenyl- 
oxazole (101), To an ice-cooled su»peiwi«n of sodium hydride 
(5.3 mg. 2.2 mmol) in THF (10 mL) were added 4djn>mothioplienol 
(0.32 g, 1.7 mmol) and after 15 niin a solution of 121 (0.34 g, 1.3 
mmol) in THF (5 mL). The mixture was stirred at 0 Q C for 1 
h and at room temperature for 2 h. The precipitate was filtered, 
and the filtrate was diluted with ethyl acetate, washed with brine, 
dn>d over magnesium sulfate, and concentrated. The product 
wa<* purified by plug filtration (silica gel, hexanes /ether, 4:1) and 
obtained as a solid (0.42 g. 86%, mp 48-50 °C): ! H NMR (300 
MHz, CDCU a 2.37 (s, 3 H), 2.S0 (t, J = 7 Hz, 2 H). 3.25 (t. J 
- 7 Hz, 2 H), 7.18 (d, J = 8 Hz, 2 H), 7.35 (d. J = 3 Hz, 2 H), 
7.39-7.42 (m, 3 H), 7.92-7.96 (m. 2 H). 



4- [[2-(5-Methyl-2-pheuyl-4-oxazolyl)ethyl]thio]benz- 
aldehyde (122) was prepared by transmetalation and formylation 
of 101 as described for 99 and obtained as a white solid (0.25 g t 
70%, mp 77-79 °C): *H NMR <300 MHz, CDClj) 6 2.35 (a, 3 H), 
2.86 (t, J = 7 Hz, 2 H), 3.33 (t, J = 7 Hz, 2 H), 7.34 (d, J - 8 Hz. 
2 H), 7.37-7.40 (ro, 3 H), 7.69 (d. J = 8 Hz. 2 H). 7.90-7.94 (m. 

2 H),9.S2 (s. 1 H). 
5.[[4.[[2-(5-Methyl-2-phcnyl-4-oxaxolyl)ethyl]thio]- 

pheayl]methy)ene]thiazolidlne-2,4-dione (123). A solution 
of 122 10.25 g, 0.77 mmol), 2,4-thiazolidinedione (0.18 g, 1.55 
mmol), and piperidine (14 mg, 0.16 mmol) in ethaiM>l (10 mL) was 
heated to reflux for 24 h. The mixture was cooled, ether (10 mL) 
was added, and the precipitate was collected (0.16 g, 49%, mp 
193-195 °C): »H NMR (300 MHz. DMSO-d c l 6 2.37 K 3 H). 2.83 
it, ■/ - 7 Hz, 2 H), 3.35 (t, J = 7 Hz, 2 H), 7.41-7.50 (rn, 3 H), 
7.69 (s. 1 H), 7.86-7.90 (m, 2 H). 

5- [4-[{2 (5 Methyl-2-phcnyl-4-oxazolyl)ethyl]thio3. 
benzyl ]thiazolidine-2,4-dlone (60) was prepared by sodium 
amalgam reduction of 123 as described for 117 and obtained as 
a solid (86 mg, 57%): >H NMR (300 MHz. CDC1 3 ) 5 2.35 (s, 3 
H), 2.83 (uJ~l Hz, 2 H), 3.10 (dd. J - 14, 9 Hz, 1 H). 3.30 (t, 
J = 7 Hz, 2 H). 3.43 (dd, J « 9. 4 Hz, 1 H). 4.46 <dd. J = 9, 4 Hz. 

3 H), 7.12 <d, J - 8 Hz. 2 H>, 7.29 (d, J - 8 Hz. 2 H), 7.42 7.44 
(m, 3 H), 7.94-7.97 (m, 2 H). Tlie compound was converted to 
its sodium salt as described for 51. Mp 268-270 °C. Anal. 
(C, 2 H l& N,NaO >t S 2 ) C, H, N. 

5-[4-[[2-(5-Methyl-2-phenyl-4-oxazolyl)ethyl)sulfonyl]- 
benzyl ]thiazolidine-2,4-dionc (61). To an ice-cooled solution 
of 60 (53 mg, 0.13 mmol) in dichloromethane (5 mL) was added 
rn-CPBA (58 mg, 0.28 mmol) in small portions. The mixture was 
j il lowed to warm to room temperature and stirred for 2 h, then 
diluted with dichloromethane, washed with 5% sodium bi- 
carl>onale and brine, dried over magnesium sulfate, and con- 
centrated, to vield the product as a white solid (27 mg. 47%): ! H 
NMR (300 MHz, CDCI 3 > h 2.34 <*, 3 H). 2.95 (q, J = 6 Hz, 2 H), 
3.10 (dd.</- 14,9 Hz, 1 H),3.36<cld,«; -9,4 Hz, 1 H), 3.56 (t, 
J = 6 Hz. 2 H), 4.40 (dd. J = 9, 4 Hz, 1 H>, l.'.U (d, ,/ « 8 Hz, 
2 H), 7.-10-7,44 (m, 3 H), 7.82 (d. 7 = 8 Hz, 2 11), 7.R4-7.88 (m, 
2 H); HRMS caicd 456.0814. found 456.0797. 

Methyl ^(2 Bromo-S-th;enyl)-3-oxopropionale (103). To 
n Huspension of sodium hydride (0.17 kg of a (>C)% dispersion, 4.2 
mo!) in THF ( ! L) were added dimethyl carbonate (0.76 kg, 8.4 
mol) and a solution of 2-acetyl-5 bromothiophene :v * (430 g, 2.1 
inol) in THF (500 mL), the latter dropwise. The solution was 
stirred for I h nnd then poured into water, acidified to pH 2 with 
G N HCI, and extracted with ether (3X). The combined extracts 
were dried over magnesium sulfate ami concentrated. The residue 
was distilled (bp 140-150 °C at 2 mmHg), and the oily distillato 
was washed with hexanes and dried to give the pure title com- 
pound (390 g. 71%): J H NMR <:UX> MHz, CDCL) 5 3.73 U, 3 H). 
3.86 (s, 2 H), 7.09 (d, J - A Hz, 1 H), 7.4o (d, J - A Hz, I H). 

5-Bromo-2.[3-(2.(4.methylphenyl)-5-methytt-oxazo]yl)- 
pi opionyl]tbiopheue < 1 01 > was prepared by condensation of 
4-(cl)loroniethyl)»5-methyl-2-(4-na'thylphenyl)oxazole (102) and 
103 followed by decarboxylation, as described for 87. Tl>e product 
way obtained as a brown solid (mp 1 19 °C): l H NMR «^00 MHz, 
CDCl -,) 0 2.30 (s, 3 H), 2.3! (s, 3 H), 2.a5 (t J = 7.1 Hz. 2 H), 3.21 
(t, ./ == 7.t) Hz, 2 H). 7.01 Ui. J = 3-9 Hz. 1 H). 7.18 (d. J = 7.9 
Hz, 2 H), 7.42 (d, J - 3.9 Hz. 1 II), 7.80 (d, J - 8.2 Hz, 2 H). Anal. 
C. H. N. 

5-Bromo-2-[l-hydroxy-3-[2-(4-methylphenyl)-5-mcthyl-4- 
oxnzolyl]propyl]thiopheuo (124). To a solution of 104 (120 
£, 0.31 mol) in eilianol (1.9 L) was added sodium Iwrohydride <8.0 
I?, 0.21 mol) by portions. After 1 b the solvent was removed, water 
was added, and the mixture was acidified to pH 1.6 with G N HCI 
and extracted with chloroform (3x), The combined extracts were 
washed, dried over magnesium sulfate, and concentrated, leaving 
a yellow gum which was used directly in the next step: 'H NMR 
(300 MHz, CDCK) 0 2. 15 (m. 2 H), 2.30 (s, 3 H), 2.38 (s, 3 H), 2.68 
(m. 2 H), 4.99 (dd, J - 8.0, 4.3 Hz, 2 H), 6.70 (d, J = 3.8 Hz, 1 
H). H87 (d, J = 3.7 Hz, 1 H>. 7.23 (d, J = S.l Hz. 2 H). 7.8f> i<\, 



V2t\) Potts, K. T.; Cipullo. M. J.; Ralli. K; I*heodorif»is O Synthesis 
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J « a2 Hi. 2 H); MS (EI) m/e392 (\D, 201. 200. 183. 187 (100), 
186, 119. 118, 91, 84,70; IB (CHCb) *• (cm" 1 ) 1282, 1443. 1500, 
1640, 2920. 

5-([5-[l-Hydroxy-3-[2-(4-rocthylph€nyl>-5-m©thyl-4-oxn- 
zolyl]propylf2-thienyI]methy]]thiazolidine-2,4-dionc (53) 
was prepared in 6 steps from 124 by the same sequence as dial 
described for 119 and obtained as a white foam: l H NMR (300 
MHz, CDCij) * 2-13 (m. 2 H), 2.31 (s, 3 H), 2.38 <s, 3 H), 2.65 (m. 
2 H). 3.39 (dd,J = 51.2, 8.8 Hz, I H), 3.59 <dd, J - 15.2, 3.8 Hz, 

1 H), 4.50 (dd, J - a9, 3.7 Hz, 1 H). 5.01 im t 1 H), 6.80 (m, 2 H), 
7.24 (d. J - 7 Hz, 2 H), 7.88 (d, J = 6.6 Hz, 2 H); MS (EI) m fe 
245,201, 188, 187, 186, 141, 118; III (CHCh) r (cm 1 ) 1700, 1750; 
HRMS calcd 428.0858, found 4*28.0749. 

5-[[5-[3-l2-(4.Melhylphenyl)5-raethyl-4-oxazolyl]- 
propionyl3-2-thienyl]mcthyI]thiazolidloc-2,4-dione (57) was 
prepared by PDC oxidation of the alcohol 53, as described above 
for 109 and obtained as a solid: nip 158-160 °C; ! H NMR (300 
MHz. CDC1 S ) * 2.31 (s, 3 H), 2.36 (s, 3 II), 2.87 (t. J « 6.9 Hz, 

2 H), 3.24 (t, J « C8 Hz, 2 H). 3.45 (dd, J - 15.1, 8.1 Hz, 1 H), 
3.66 (dd, </ = 14.9, 4 Hz, 1 H), 4.53 (dd, J = 8, 4 Hz, 1 H), 6.90 
(d, J = 3.4 Hz, 1 H). 7.20 (d, J - 7.8 Hz, 2 H), 7.56 <d, */ « 3.5 
Hz, 1 H), 7.81 (d. J ■ 8.0 Hz. 2 H). 8.78 (br s. 1 H): MS (EI) m/e 
440 (M*), 200; IR (KBr) r (cm" 1 ) 1670, 1700, 1750. Anal. 
(C 22 H a0 N^O 4 Sn. 1 /sH 2 O) O, H, N. 

5-[[5[3-[2.(4-Mcthylphenyl)-5-methyI-4-oxazoIyI]-l- 
propenyl]-2 thicnyl]methyl]thiazolidine-2,4-dionc (59). A 
solution of 105 (0.15 kg, 0.27 mol) in THF (600 ml) and C N HC1 
(600 mL) waa stirred at room temperature for 45 mi n. The pH 
was adjusted to 5 with sodium bicarbonate and the solution was 
extracted with ethyl acetate (3X). The combined extracts were 



dried over magnesium sulfate and concentrated. The product 
was isolated by flash chromatography (30% ethyl acetate in 
hexanes) as an oil (42 g. 36%): l H NMR (300 MHz, CDCI3) 6 231 
(s, 3 H), 2.36 (s, 3 H), 3.28 (dd, J = 14.5, 8.8 Hz, 1 H), 3.36 (d, 
J «= 6.7 Hz, 2 H), 3.55 (dd. J = 15.0, 3.8 Hz, 1 H). 4.45 (dd, J ■ 
9.0, 3.8 Hz, 1 H) t 6.1 1 (dt, J = 15.4, 7 Hz, 1 H), 6.47 (d, J - 16.4 
Hz, 1 H), 6.69 UB, J = 3.6 Hz, 1 H), 6.70 (AB, J - 3.7 Hz, 1 H), 
7.20 (d, J - 7.9 Hz, 2 H) t 7.84 (d, J = 8.2 Hz, 2 H), 9.0 (br a. 1 
H); MS (ED m/c 424 (M*); IR (CHClj) r (cm 1 ) 1700. The product 
was converted to its sodium salt by the method described for 51. 
Anal. (CMH^NsNaO^) C, H, N. 

5-l4-t3.[5-Methyl-2-(4-hydrox>.3^iroethylphenyl)-4-ox- 
azoly]]propiooyl]bcnzyl]thiazolidine-2 t 4 dione (45). A so- 
lution of 44 (105 rag, 0.21 mmol) in acetic acid (10 mL) and 48% 
HBr (5 mL) was heated to reflux for 1 h, cooled, poured into 
ice-water, and extracted with ethyl acetate. The combined ex- 
tracts were washed with water, saturated sodium bicarbonate, 
water again, and brine, dried over magnesium sulfate, and con- 
centrated (103 mg, 100%): *H NMR (300 MHz, CDC1 3 ) 5 2.22 
(s, 6 H), 2.32 <r, 3 H), 2.86 (t, J = 7 Hz, 2 H), 3.15 (dd, J « 14, 
9 Hz, 1 H), 3.30 (t ( J - 7 Hz, 2 H), 3.47 (dd, J - 14, 4, Hz, 1 H), 
4.49 (dd, ./ = 8, 4 Hz, 1 H). 7.23 (d, J m 8 Hz, 2 H), 7.56 (b, 2 H), 
IJlfi (d,J - 8.0 Hz, 2 H). Tlie product was converted to its sodium 
salt as described for 2€: mp 230-240 °C. Anal. (C^HrjN^Na- 
0,S.2H 2 0) C, H, N. 
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Affinity of Human Growth Hormone-Releasing Factor (1-29)NH 2 Analogues for 
GRF Binding Sites in Rat Adenopituitary 1 

Pierrette Gaudreau,* Luce Boulnnger, and Thierry Ahribat 

Neuroendoerinology Laboratory, fim M-52'26, Notre- Dame Hospital Research Center, 1560 Sherbrooke Street Ea.«t, Montreal, 
Canada H2L 4hfl. Received September 21, 1991 

Previous research 011 growth hormone-releasing factor analogues has used pituitary cell culture ass/»y systems to 
evaluate in vitro their biological activity. However, binding assay systems in which receptor affinity and peptide 
stability can he assessed independently have been lacking so far. Since we hove recently develop a sensitive GRF 
binding assay with l ,2A l-Tyr u ']hGRF(l-4-l)NH-., this method waa applied to structure-affinity studies as a first step 
of screening GRF analogues. Acylation of the Nterminus of hGRF(l-29)NH 2 generally decreased its affinity (relative 
affinity to hGRF(l-29)NH> (HA), 20-85% ). Replacement of the O-tenninal car box amide by a free carboxylic function 
decreased affinity likely by diminishing its proteolytic stability (RA, 57%). Removal of Tyr 1 , Scr', Lya 12 , Val 13 , 
Gly ir ', Gln"\ or Lys 21 drastically decreased its affinity (RA, <3%). Multiple amino acid deletions in the segment 
13 21 of hCRF(l-29)NHj abo led to a lecs of affinity as did replacing segment 13-15, 16-18, or 19-21 by an octanoyl 
moiety (RA, <1 % ). Removal of Asn 3 , Gin 2 *, Asp- 5 , He 2 *, Met 17 , and Ser 58 or Anr 3 had less effect on GRF receptor 
affinity (RA, 5-33%). Removal of Met-~ or Ser '" only slightly affected hGRF( 1-29JNH* affinity (RA, 62-78%). 
Altogether, these results indicate that the amino acids contained in the segment 13-21 are more important than 
those of 24-29 to insure high affinity receptor binding or to maintain an optimal conformation to allow GRF binding. 



Introduction 

Since the isolation and charac terisation of growth hor- 
mone (GH)-releasing factor (GRF),- a number of GRF 
analogues have been synthesized. Most"'"' 2 were designed 
to be potent agonists with potential clinical and zootech- 
nical appbeations. Their structures were based upon that 
of hGRF(l-29)NH L , the N-terminal portion of hGRF(l- 
44)NH 2 , as this portion retains the full potency of the 
native 44 amino acid peptide to induce GH secretion in 
vitro and/or in vivo, in various species. Human GRF(1- 
29)NR> also possesses a high degree of sequence homology 
with porcine, bovine, and ovine GRF(1-29)NH 2 (>93%) 
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suggesting multiple applications, in various species, for a 
sole analogue. 



( 1 ) Symbols and abbreviations are in accord with the recommen- 
dations of the IUPAC-IUB Commission on Biochemical No- 
menclature (Eur. J. Hiochem. 1984, /5#, 9-37). All optically 
active ammo acids ore of the l configuration, unless otherwise 
specified. Additional abbreviations 11 awl ar*» as followa: Ac, 
acetyl; desaminoTvr, 3-{4-hydrox\phenvi)propiomc acid. 

(2) Guitlemin, R; Brazeau. P.; Bohlen, P.; Esch, F.; Ling, N.; 
VVehrenberg, W. B. Growth hormone-releasing factor from a 
human pancreatic tumor that caused acromegaly. Science 
1982. 218, 585-587. 

(3) Ling, N.; Baird, A.; Wehrenbcrg. W. B.; Ueno, N.; Munegumi, 
T.; Chiang, T. C; Regno, M.; Brazeau, P. Synthesis and in vitro 
bionctivity of human growth hormone-releasing factor analogs 
substituted in position 1. Biuchern. Biuphxx. Res. Cammutt. 
19H4, 122, 304 -:tl 2. 
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Euglyccmic and Hypolipidemic Activity of PATS A; A Unique Thiazolidinedionc 
With Weak Peroxisome Proliferator Activated Receptor Gamma Activity 

Reeba K. Vikramadithyan, Ranjan Chakrabarti, Parimal Misra, Mamnoor Premkumar. Sunil K.B. Kumar, 
Casturi S. Rao, Alpana Ghosh, Kommireddi N. Reddy. Chintakunta Uma, and Ramanujam Rajagopalan 

The euglycemic and hypolipidemic activities of PAT 5 A, a novel pyridine analog of thiaiolidinedione, have been evaluated in 
different animal models. Administration of PAT 5 A to db/db mice resulted in dose- dependent decreases in plasma glucose 
triglyceride, and insulin levels, and an improved glucose tolerance. The g lucose. lowering activity of PATS A was better than 
that of trogl.tazonc and comparable to that of rosiglitazone. In addition. PATS A showed better lipid-lowering activity than 
troghtaionc or rosiglitazone. A similar profile was seen in ob/ob mice. In high-fat-fed Sprague Dawley rats, PAT 5 A treatment 
reduced plasma triglyceride and total cholesterol levels. An in vitro peroxisome proliferator activated receptor gamma (PPAR 7 ) 
transactivation assay in HEK-293 cells showed poor transaction for PAT 5 A compared with rosiglitazone. PAT5A did not 
show any PPARo,. or PPARB-activating properties. Ex vivo study in db/db mice treated with PAT 5 A showed decreased activity 
of liver glucose 6-phosphatase, a key enzyme in gluconeogenesis. A Z8-day probe toxicity study in Wistar rats did not show any 
treatment-related alterations in hematologic and biochemical parameters, nor any macroscopic and microscopic changes in 
the vital organs, whereas rosiglitazone treatment increased liver and heart weights. Our results indicate that PAT5A is a potent 
insulin sensitizer and hypolipidemic compound with a weak PPAR-y activation potential. Both in vivo and in vitro results 
suggest that PATS A improves glucose kinetics and lipid levels through mechanisms not related to PPAR activation 
Copyright C 2000 by W.B. Saunders Company 



INSULIN RESISTANCE is a significant pathogenic factor in 
type 2 diabetes.' The thiazolidincdiones (Fig 1) are a new 
class of oral antidiabetic agents thai increase the sensitivity of 
target tissues to insulin in animal models and in t>pe 2 diabetes 
patterns.--' These compounds are synthetic, high -affinity ligands 
for peroxisome proliferator activated receptor gamma (PPAR7), 
a member of the nuclear receptor superfamily which controls 
the expression of genes involved in lipid and carbohydrate 
metabolism in target tissues. 4 5 Therefore, PPARs are consid- 
ered to be the molecular targets for the therapeutic actions of 
this class of compounds. However, the major pitfall in the 
PPAR7 mechanism is that it is primarily expressed in adipose 
tissue.* whereas muscle is the major site of insulin-dependent 
glucose disposal. 7 Perhaps, apart from a PPAR-mediated mech- 
anism, these molecules may modulate caiboh>drate and lipid 
metabolism through other biochemical targets 

Many of the thiazolidinediones are in various stages of 
clinical development. However, reports on bepatotoxicity and 
idiosyncratic deaths associated with troghta/onc treatment hav e 
validated the need for safer insulin sensitizers for the manage- 
ment of type 2 diabetes.* " Our search for novel insulin sensitizers, 
without any side effects, led to ihe discovery of an indole derivative 
ofthiarohdincdionc 11 " 1 and subsequently to IVVT5A 

PAI5A is a novel thia/olidinedione analog containing pvri- 
dtne (5-[4.[.V.(2-pyridylj-(2S)-pyrrolidiiH'0-inethoxy]phenyl- 
melhylene] thia/olidine-2,-J~dione. malcic acid salt) as a key 
heteroaromatic moiety (Fig 1). The compound ameliorated 
hyperglycemia, hyperinsulineimn. and hypertriglyceridemia in 
insulin-resistant animal models, and exhibited a lipid- lowering 
effect in hypereholestcrolemic rat>. The PPAR transactivation 
potential and the biochemical mechanism* involved in glucose 
homeostasis have also been inv estigated 

MATERIALS AND METHODS 

Sttth'Mlls 

PAT5A. 1 1 oj' lna /one. rosiglii:iAine. a:ul WY It. Ml were synthesized 
by the Medicinal Chemistry division o: Di Reddy Research Fuumki- 
itnn (OIUl and carhacyelin was obtained from Sigma iSi I onis. MO) 
PAI5A and :!k' standard comjK»jjul> were examined by liigh-pcrfontiancc 



liquid chromatography arid touad to be 99.5% pure. 5 - 1 he spectral data of 
standard compounds were comparable to reported values 

Animals 

All animal experiment* were approved by ihc DR1 Animal Kxuen- 
mentation Hthics Committee and were in accordance with the Commit - 
lee for the Pmposc of Control and Supervision uf Fmpoweimem on 
Animals (CPC'SRA). Ministry of Social Just ice and Hnvircminent. 
Gov ei anient uf India Mate C57BL. KsJ db db and C57UL OJ-ob ob 
mice were obtained :tl 6 weeks of aye from Jackson I aboraioncs tBar 
llaibom. Mb). Sprague Dawte) and Wisiai rats were liied in the OK I* 
animal house All animals were maintained on normal laboratory chow 
(National Institute of Nmntion. Hyderabad. India), ad libiium water, 
and a 12-hours light- dark cvele The db dh mice were used at S weeks 
and the ob ob mice ai 10 weeks ot age Sprague Daw ley rats weighing 
I 50 !o 1 KO g were made hypereholesterolemic by feeding n high- fat diet 
cholesterol and 1% sodium cbolate mixed in normal diet) for b 
days. The 2X-day probe toxicity study used Wisiar rats of either sex 
weighing IO0 to 120 g 

[>nt£ AJministratUm an J BIckhI 'Sampling 

PAT 5 A was administered to db db mice by oral ga\a«e daily tor \5 
days ai 3-. 10-. Ml-, and 100-mgkg doses Troghta/one and rosigl- 
itazone were given at doses of MX) and 10 mg ke, respectively, and the 
control animals received n.25% carboxymeihyleelluloje 1 10 mL kg) In 
obob mice. PATS A wa> administered for 14 days ai i, 3. 10, and 30 
rngky arid rosigiitj/one at 3 mgkg. In hi eh fat fed Spraeue Dawley 
rats, PA J s.\ and rosiehta/onc were given at 10 me kg and iroghta/one 
at 30 mg kg for 3 diss 

Hlood samples were collected in the led Male under rntltl ether 
anesthesia ot ihc rctroorbiul >inu> 1 hour alter drue admumiraiion on 
da>> 0. 3. o, 9. and 15 o! treatment Plasma samples were used to 
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0 8 fcUio«»« PAT5A 

Fig 1. Structure* of insulin- sensitizing tmjiolidmedioncs and 
PATS A. 



estimate glucose, triglyceride, final chuloierol, and insulin level, An 
oral glucose tolerance test ((KiTT) was performed alter 15 days of 
ti ca tmcnt in db lib mice and alter 14 days m oh oh mice db db mice 
were fasted tivcmiphl mid nh'nb mice were listed for 5 hours, the 
annuals were challenged with J g/kg of glucose Wood samples were 
collected at 0. M), W>. and 120 minutes after the glucose load 

Phi\mtds. Trunsjvcthm. ami P PAH Trunsititivalum Awuv 

The response element (CAStiAl -1 • 5) was cloned upstream of the 
p<il 2 5V40-Lue reporter iPnmiega. Madison, Wh. .shnh contains ihc 
Mmi.in \ jnis early promoter tot lucifera-*.* axsav tl M m fusions m ere nude b> 
fusing human PPAKyl. IM'AKn. or ITAKft I i garni binding domain (ammo 
aeuK 174 io 475) to jIv rtennmal end of the yeast < i.AI.4 I )N A binding 
domain (amino acid* I to 147) ol the pMI sector PAdVanLige vector 
tl'mmega) was used to enhance the I uei fern se expression 

HI-.K-2V3 cells were grown in Dulbeccos modified haglc\ medium 
supplemented with U>% fetal bovine serum (DMI-M IHS) at " C m 
Ve t U ; One da> before IransfccUon. cells were plated to >o „ to 60% 
tonrtuence in DMhM Lontaming 10% Jehpidated HHS «I>MI- M- 
IHt.S) tells were transicctcd by means of Super lec I iijlAtihN. 
Ihlden, Germany) 1 ' Three hours alter Iran election, the reagent was 
removed and she cells maintained in DNirM DK s forty-two hours 
aftei transfectiun, cells iveie treated for IS hours with phenol led lice 
l>MI*M-|Jhl S alone or with the test compounds The cells were lysed 
and assayed for lucitera^e activity, which uj, determined .is fold 
activation relative to unhealed cells using a I uchte kit ( P.k kard, ( 1 I in 
a P.icLird Top Count 

(i'/m ovc ft-PhttsphtHaw .it fix in in Jh Jh \fur f t\,-t 

db db mice were treated with PA I '5 A and ro.ighta/onc at in mgkg 
lor a period ol M days alter which the mice were killed and Ir.er 
samples collected m liquid nitrogen and stored .it Ml ( laitil further 
use All procedures were peilormed at (1-4 ( unless otherwise noted A 
l(r% homogcu.itc u.h made in 10 inn to! I tits huller < p| i 7.5) 
containing t) >5 mol I sucrose and ccntrifuged it 10,000 rprn tor 10 
minutes The supernatant was lollected and subjected to ulm ccnmluea 
iu»n at IOUJrjO • o for I hour I he micro™ rnal pellet th is obtaiiied w as 
washed and suspended in .iss.»y bullet .4 ! « * n;i:;*.l 1 fnx !U J t, 5) 
tat rung 0 ?5 mull sucrose Die 'in a! protem «.otKen:r.ilion was 
adja^ied in 1(1 mg ird 

I he ass,n w.i-, perliMinetl in ,t final reaction mixture volume of KM 
Ml. co:i:ainmg tnriH>l I of glucose b-pho-phaie. Mhj ug n| en/\mc 
preparation, and Hi mmo!T Iris IK I tpH <^ >> I he re.u lion mixture: 
wai incubaled at *7 ( for H> minutes and the reaction sioppctl hy 
heat-killing the en/> me ai JsO t~ lur s mtnutL^ I he gluvose released by 
cn/yme actii>n was esumjictl using a k.u iimm^c oxi.f.isc pcmxitlase 
meth .dl hiiTyiv.e activity is e\pres-e«i in '.:~.v~. ..J u:t:u fx-r milllgrain 
pti-tein per n-ir^ute after subtra. tint: apprup:!.<:e blanks, 



Subacute Toxic if) in Rats 

Male and Icmale Wistar rats were admtniMered KKj nig k^g of PAT 5 A 
and rosight.i/orc U\r 2K iLiys AnimaU were hied on day 14 and 28 of 
treatment tor hematologic ami biochemical estimations After 28 days 
of treatment, the animals w ere killed, and macroscopic and microscopic 
examinations were performed on the major organs such as brain, hver, 
heart, spleen, and kidney 

Analytical \ f it funis 

Plasma glucose, triglyceride, total cholesterol, and hemoglobin were 
measured siKctiopluitomctric^Jly usinp commercially available kits (l)r 
K eddy's La Oratory. Diagnostic Division. Hyderabad. India) Plasma 
irtstilm was measured using a radioimmunoassay kit (BRIT, Murnbai. 
India) Fhe ttcrr.ahKril value was detenmned by the capillary method 

Data .itmlyyn anj Statistics 

I he jvrcent reduction was calculated accordaig to the formula. 



(TT (H i 

(fcon 



I (Ml, 



vshere TT is test day treated; Of is zero day treated; TC is test day 
control, .irnl I H i> zero day control All tesuhs arc expressed as the 
mean * Sb itf 5 experimental values Statistical analyses were 
performed using analysis of variance i ANOVA) *.>t ( tt-si P va!ue> less 
than t)5 vvere considered stgmfieant 

RESULTS 

Effct t til JUT5A in Jh-'Jb ami oh ah Sfn c 

Adminisirulinn of PAT5A for I 5 days in db db mice at 3-, 1 0-. 
30-. and 100-tng kg doses decreased plasma glucose, triglycer- 
ide, and insulin levels in a dose-dependent manner fbiu 2 A 
ihrough C\ The reduction in plasma glucose lex els w as 
observed from the third day onwards tor the 10 . 30 . and 
100-mg kg doses Plasma glucose levels reached normal values 
by day 0 of treatment (544 i 15 v 274 • 2H. 2S] z 44, and 
1^2 ♦ 32 mg dl. lor control v 10. 3{t, and |(M> mg kg. respec- 
tively) The compottnd also sigtuficanlly if* < 05) improved 
glucose loler tnce (Fig 3). I roglua/one and rosiglita/ont* wcic 
used as standards for compartstm I roglila,'one showed the 
maximum effect only at the S00-uig kg dose PAT 5 A and 
rosicliiavone at 10 mil kc showed comparable plasma glucose - 
and uisulm-lowcrmg activities (50 a .. v 47 li u for plasma glucose 
and 4S (1 -, v 4h°., for insulin, respectively) In addition. PAT5A- 
oeated animals showed better inglycertde-lou enng activity 
than tosighta/one-treated rats (77% v 47 a „. F ; iu 4). Animals 
treated with PAT 5 A showed a 44".. improvement in glucose 
kinetics l>y OliTT as compared with 3*r.» and 3H°h lor 
rosiglitaz-onc and frctglit a/one. respectively PAT 5 A treatment 
ameliorated polydipsia but did no! affect food consumption 
Animals treated with restglita/onc showed a 22% increase in 
body weight, whereas PAT5A-ticatcd raN showed onlv a !2 fl o 
increase < 30 33 : 03)0 g on day 0 and 47 **> - I Us g on day 1 5 
v 40 4 * ll o g on day 0 and 45.4 * ! .52 g on da> I 5 ). 

In t>b i»h mice, administration oj P.M 5 A at 1. 3. 10. and 30 
mt! kg showed stgtuhcaiH {P < Ii5) dose-depetTdenl decreases 
in plasma glucose, triglycerides, and insulin il : tg 5 A through C). 
I he ctfeet of PAT5A was comparable \o ro >tglita/one at 3 
my kg (5 3" i, v 5W«, h0 (> o \ 4!°,,. and 51% \ 64",. for plasma 
glucose, triglycerides and insulin, re-pecuvelv. big b) The 
compourul treatment also showed an improvement in glucose 
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Fig Z. Lffect of PAT5A on (A) plasma glucose. (B) Uiglycendo, and 
\C) insulin levels in db/db mite. Animals were administered PAT5A at 
3-. 10-, JO . and 10O~mg/kg doses for 15 days. The values expressed 
for insulin (C) are for 15 days of compound licatment. Values are the 
mean ? St tn = 5). »P< .05 v control (ANOVA) 



tolerance in a do^e-dependent ni.inncr i i V 45" ,. a:id >A"„ ai 
j\ 10, and ?0 me ke. re-^peetneh J 

/7/V< / .>t PAT? Imf hoUMt n>! f t J Ruts 

To further surManiiaic the lipid lowering etVee* wen in eenetic 
models, a eholiNieml-lcd rat moilel was used These ami n ils shoued 
a significant increase in lipid L*\eU as compared ^^ tth normal laiv 
PAT 5 A at 1(3 m^Vy eixcn lor 3 da\s >iu.nifij»:nil> reduced plasma 
lm»hcende ar- i total cholesterol le\ek liable I) Neither tosiyl- 
ita/one nor rn>2hu/i -»c had a sjeniikani etlecs on hp;d icsels at die 



10- .s:id /Otii^Vt! do^ev No change in U\%[ intake between the 
control .ind Healed groups was observed 

Eth-i ! >-f r.l!\l .n PPAH Twis,u in at ion Ass>i\s 

In PPAR-yl transact! vation .hs.i)s, I 'AT 5 A showed weak 
transacts anon or I - and 5-fold at I- and 50 utnoi L ccmcenira- 
lions, lespettively (Piy ">) On the other hand. rosiglita/one 
showed impres>i\e dt>>e -dependent inmsaeliv ation Ros;giitavone al 
I - and 5o lanol I. cuiwttitrnrions showed 12- and 1 7-foidtninsactiva 
Hon PAT 5 A showed onlv i .5-i'oKi activation -is compared with 
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Fig 3. Comparative Direct of PA! 5 A, rosiglitazone. and troglita- 
zone on glucose tolerance lest in db/db mice. Animals were given 
PATSA and rosiglitazone at 10 mg/kg and troglitazone at BOO mg/kg 
for IS days and then subjected to an oral glucose load (3 g/kg body 
weight) after an overnight fast. Values are the mean ♦ SE (n ~ 5). 
•P< .05 v control (ANOVA). 



16-fold for WY 14,543 at a 50-umoM. concentration in the PPARu 
transactivation assay. In the case of PPAR5, PATSA showed 
only 1.4-fold transactivation at 50 iimol-L, whereas carbacyclin 
showed 10-fold transactivation at 10 junol L. 

Effect of PATSA on Liver (ihtcost 6-Phosphdtow Activity 

db/db mice treated with PAT 5 A for ») days showed a 
significant decrease (/•< .05) in liver glucose 6-phosphataso 
activity (Table 2). PAT 5 A exhibited 9- fold inhibition in aetiv ity 
as compared with rosiglitazone (4-fold I. 

Effect on Subacute Tox icity in Hats 

The subacute toxicity dose for PATSA was selected on the 
basis of the effective dose 50 { l:U< lt ) v alue ( 5 .5 mg kg) in dbdb 
mice. Iluoughout the study, animals administered with 10!) mg/kg 
of the compound did not show any adverse behavioral changes, 
cumulative toxicity, or change in body weight or food consumption 
No treatment-related alterations in hematologic or biochemical 
parameters occurred either during or at the end of the study (Table 3). 
No macroscopic or microscopic changes were observed for heart, 
li\er. and bone marrow-sternum To keep parity with PATSA, a 
similar dose was selected for rosiglitazone, even thou eh the l : . I> - 0 
value ts S.6nigk. Rosiylita/one-treated animals did not show any 
behavioral changes or alterations in body weight. However, a 
significant decrease (P < OS) in hemoglobin and lacked cell 
volume, and a significant increase iP < 05) in heart weight, were 
observed in rosiglitazone-treated animals. 

DISCUSSION 

PATSA. a novel pyridine analog of thia/olidiiiedione. exhib- 
its hypoglycemic and hypolipidemic effects in genetically 
diabetic t 57HL KsJ-db'db and I 57HL 6J-oh ob mice models. 



louring early postnatal development, these animals exhibit 
hypennsulinemia, hypcrphagia, and obesity, which later lead to 
abnormalities in glucose and lipid metabolism. 1 " The pathophysi- 
ology and the onset of diabetes in these models closely parallel 
the temporal sequence of biochemical and pathophysiologic 
changes in ty pe 2 diabetes. Therefore, these models arc suitable 
for predi cling the therapeutic benefit of thiazolidinediones in 
these patients. 15 - 1 * PATSA, when administered orally to db'db 
mice for IS days, dosc-dependently lowered the plasma glucose 
and triglyceride levels by sensitization of target tissues lo the 
action of insulin The concomitant decrease in plasma insulin 
and suppression of hepatic glucose output was indicative of the 
instil in -sensitizing mechanism of PATSA. 

Among the thiazolidinedione series of insulin sensitizers, 
rosiglitazone is claimed to be more potent, more efficacious, 
and less toxic than troglitazone 17 We comp ared the antidiabetic 
potential of PATSA with that of troglitazone and rosiglitazone. 
In dbdb mice, PATSA and rosiglitazone showed comparable 
glucose- lowering efTccts at a lO-mgkg dose Troglitazone 
showed similar activity, albeit at a higher dose. The extent of 
triglyceride lowering by PATSA was 2-fold greater than lhat of 
rosiglitazone PATSA treatment led to a better tolerance to an 
oral glucose load, suggesting an improvement in insulin sensi- 
tivity in this model. A mild increase in body weight was 
observed in PATSA-trealed animals, but this increase was 
comparatively less ihan that in rosigltia/onc- treated animals 

The efficacy of PATSA was also tested in the ob ob mouse, 
which has impaired glucose tolerance"" resembling early stage 
of type 2 diabetes. Dose-dependent lowering of plasma glucose 
and lipid were observed afler PATSA treatment of ob'ob mice. 
As seen in dbdb mice, the compound dose -dependent ly re- 
duced plasma insulin and improved glucose kinetics by OGTT. 
Additionally, it restored the ability of insulin to suppress hepatic 
glucose output. These results clearly suggest that PATSA 
exhibited hypoglycemic and hypolipidemic activity by the 
sensitization of target tissues lo insulin action. 
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Fig 4. Effect of PATSA, rosiglitazone, and troglitazone on plasma 
glucoso. triglyceride, and insulin levels in db/db mice. Animals were 
given PATSA and rosiglitazone at 10 mg/kg and uoglitazone at 800 
mg/kg for 15 days. Values are the mean tSE{n = 5). 
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rig 5. Effect ol PAT 5 A on (A) plasma glucose. (B) triglyceride, and 
(C) insulin levels in ob/ob mice. Animals were given PATSA at 1-, 3-» 
10-, and 30-mg/hg doses for 14 days. Values are the moan * St 
(n = S) on the 14th day. *P< .05 ^control (ArMOVA). 
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Although the exact moleeidar mechanism o! action of the 
thu/ohdinedtoncs is not fully under *tood. reports indicate that 
thc> .ue synthetic high-affinity Uganda and activators of PPAR7 
I he antidiabetic activity of these compounds correlates well 
vulh 1 he older of potency for PPAR> actuation 1 ' In our study, 
the in vivo potency of PAT 5 A is equal to tft.u 01 rosighia/one, 
set the traiisactnaiion potential 1- Ic^s I he interaction of 
PAl >A with . ther PPAll isoforms was filled out. as it did not 
show any actuation of PPAKu or PPAKo 

The p»Mir correlation between in vivo and m mho activity of 
PA 1 5 A indicates that a partial PPAR 7 agonisin might be 
Mttilcient for its antidiabetic activity A single-dose in vivo 
pharmacokinetic study conducted at a W) nit: ku dose level in 
Wistai rat> rules out the role of metabolites m PAl 5 A action, as 
no major metabolite was delectable in pla^ni.i ' I his raises the 



possibility thai PA 15 A may escrt Us antidiabetic activity 
through mechanism! s) other than PPAR-y activation 

Our ex mvo results from db'db mice treated with PAl 5 A clearly 
demonstrate ^e\eraI-!'o!d inhibition in liver glucose (>-pfiosph:ita>c 
activity compared with roMglilavore It i> clear that the control ol 
hepatic glucose output might be through the inhibition of the 
gluconeogenic pathway I'wther studies are needed to under 
st uul the detailed mechanism of action of PA 15 A 

( oronary artery disease as a result of premature atherosclero- 
sis is a major cause of death in both type 1 and type 2 diabetes 
patients :! Although the exact cause is not fully understood, 
several independent nsk factors may contribute, including 
hypercholesterolemia, hypes triglyceridcmia. and hyperten- 
sion.- : ' Abnormalities in circulating lipid levels may lead io 
the mseiiMtivity of peripheral tissues ro insulin and iducose 
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Fig 6. Effect of PAT5A and rosiglitazonc on plasma glucose, 
triglyceride, and insulin lovols in ob/ob mice. Animals were given 
PAT5A and rosigliiazono at 3 mg/kg for 14 days. Values are the 
mean ♦ SE (n = 5). 

intolerance.- 5 It is advantageous to develop an insulin sensitizer 
with additional lipid- lowering properties for clinical use. Stud- 
ies in db db and ob'ob mice icveul the lipid- lowering potential 
ofPATSA. To substantiate this finding, a study was conducted in 
high-fat- fed Sprague Dawley rats. v " 7 with rosiglila/one and 
trogliiazone used as standards. PAT 5 A- Heated animals showed 
a significant decrease in plasma triglyceride and total choles- 
terol levels, whereas rosightn/one- and troglilazone-treated 
animals did not show any effect The exact mechanism of 
lipid-lowering by PAT5A in the genetic and high-fat fed 
animals is not clearly understood, but ootid be a combined 
eiVeci on the inhibition of lipolysi* in adipose tissue, or a 
decreased output of triglyceride from the liver and increased 
clearance of the secreted triglyceride panicky front ihc sys- 
temic circulation. 

Adverse effects such as hepatotoxicity, cardiomegaly, and 
hcmnloxtcitv were responsible for the cessation of development 



Table 1. Effect of PAT 5 A, Rosiglita/one, and Troglitazonc 
in High-Fal-Fed Sprague Dawley Rats 

Group T o t mgAiL > I C | mg-'iU ) 



Normal -d«ct control 


36 82 


2 32 


113 1 ( J : 


A 18 


High-fat-icxi control 


316 BO 


24 70 


5D7 50 • 


48 90 


PATSA 


141 40 


16 90* 


438 10 • 


85 60* 


Rosigltlaronc 


255 03 


29 37 


5G8 32 * 


29 52 


Ifoghta/one 


269.49 


4112 


857 39 • 


11 10 


NOTt Male Sprjguo 


Dawley rats weighing 1 


50 t» 180 q \ 


vfcu; made 



hypcrhpuicmsc t>y feeding a high-fat dtet contain ng 2 . . cnoiosteroi 
and \% sodium chelate tor 6 days PATSA and rosighta/onc were 
given at 10 mglwj and irogtitorone was given at 30 mg'kcj for 3 <lay> 
The high-fat e<ol was continued during the treatment period V.iluos 
are the mean * SE (n 4 to 1G) 

* P • . 05 v h gh fal-fcO control <ANOVA) 
Abbreviation-* TG. triglyceride, TC. total cholesterol 




Concentration (pM) 

Fig 7. Activation of PPARy by PATSA and rosiglitaxofte. HEK-293 
cells were trarrsfectcd with GaU-PPAR-yl-LBD, pGL2(Ga!4 x 5)-SV40- 
Luc reporter construct and PAdVantago. Lueiferasc activity was 
plotted as rold activation relative to untreated cells. Values are an 
average of 3 eiperimcnls conducted in triplicate. 

of several ihiazolidtncdione analogs. To assess the toxicity of 
PAT5A, a subacute siudy was conducted in Wistar rats and 
compared with rosiglila/one. PATSA at 20 times the I*D<. 0 dose 
did not show any treatment-related adverse effects on hemoglo- 
bin, packed cell volume, or liver and heart weight. The 
compound treatment did not induce any macroscopic or micro- 
scopic changes in these animals. Rosiglitazonc at a similar dose 
significantly decreased hemoglobin and packed cell volume, in 
Wistar rats, a single-dose pharmacokinetics study conducted 
with PAT5A and rosiglitazonc showed linear pharmacokinetics 
at 3-, ID-, and 30-mg/kg doses (data not given). Similarly, in 
db db mice, the dose-dependent decrease in plasma glucose 
levels after PAT5A treatment is indicative of linear pharmacoki- 
netics, h is reasonable to believe that both compounds may have 
comparable plasma levels at 100 mg/kg. The PAT 5 A -treated 
animals did noi show any treatment-related adverse effects 
compared with rusiglitazone-trcatcd animals, suggesting that 
Ihe toxicity may be associated with the PPAR7 mechanism 

Table 2. Erfect of PAT 5 A and Rosiglitazonc on Liver Glucose 
6-Phosphatase Activity in C57BL7Kt J-db/db Mice 

Tr»».nrm?nt Grraip Glucose 6 Ptiospltaia-sc (U rntj prelum] 

Control 1 48 • 0 ?? 

PAT bA 0 16 - 0 14* 

Roo.cjhtaiono 0 37 O 16 

NOTE PATSA and rosiyliia/one were yivL-n at 10 rngVg per dust: for 
9 clays Values are ihn mean • SF (n 5) Ono unit of en/yme will 
ic:li>asu 1 pmol of cjiucuse (turn gfucovu 6-phosptuite under ihe absay 
r.ondilions 

'P< Ob vconuol {/ test) 
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Tabic 3. Effect of PAT 5 A and Rosightazone in 
Subacute Toxicity in Rats 

P<i(<m*etei PAT 5 A Rosiglit.uone 

Hematology 

Hemoglobin NE H * 

Packed cell volume NE -9' 
Organ weight 

Heart Nt *22' 

Live* NE * 23 

NOTE Mate and female Wistar rats weigh my 100 to 120 g were 
orally administered PAT 5 A and rosighta/one at 1 00 mg/kg per dose for 
20 days The rats were killed on day 29 and blood collected for 
hematologic and biochemical estimations Brain, heart, liver, spleen 
Kidney, and other vital organs were examined both rnacroscopicnlly 
and microscopically Values arc expressed as per cent change (n - 10) 

•P< 05 v control (A NOVA). 

Abbreviation: NP. No effect 

rather than the chemical class effect These encouraging results 
gave us impel us to study PAT 5 A further. 

In summary, PAT 5 A is a novel ihiazolidincdione that amelio- 
rates hyperglycemia, hyperinsulinemia, and dyslipidcmia in 
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different animal models. *Hic overall antidiabetic potency of 
PAT5A is much better than that of troglitazone and compantblc 
to that of rosigliiazone. Hyperglycemia was controlled through 
an inhibitory effect on glucose 6- phosphatase, a key enzyme in 
glueoneogenesis. Although the compound showed good in vivo 
activity, it ts mechanistically distinct from the other thia/olidinc- 
diones in that it had weak PPAR-y transact! vat ion potential. A 
preliminary toxicity study did not show any adverse effects. In 
conclusion, PAT5A is an effective and safe novel thiazolidinedi- 
onc for the treatment of diabetes and related disorders in type 2 
diabetes. With the initial interesting results, further studies arc 
being performed to understand the mechanism of action of this 
compound. 
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Reduction of Insulin Resistance in 
Obese and /or Diabetic Animals by 
5-[4-(1-Methylcyclohexylmethoxy)benzyl]- 
thiazolidine-2,4-dione (ADD-3878, 
U-63,287, Ciglitazone), a New 
Antidiabetic Agent 

•AKFSHI f-LJJiTA VoUU SUGIYAMA. SHGEHJS* TAKL TOM . JAKASM SOHUA YUTAKA KAWAMAISU MiSASH' WATSUKA. AND ZIHU SUZUOKI 



SUMMARY 

Effects of 5-[4-(1-methylcyclohexylmethoxy)benzylj- 
thlazolidIne-2,4-dione (ADD-3878. U-63,287, Ciglitazone) 
on glucose and lipid metabolism were examined in 
various animal models. ADD-3878, administered as a 
dietary admixture (30-186 mg/kg/day) to obese-dia- 
betic yellow KK (KK-4 y ) mice, markedly suppressed the 
diabetic syndromes (hyperglycemia, hypertriglyceride- 
mia, and hyperinsulinemia), accompanied by the re- 
duction of insulin resistance as manifested by im- 
provement of overall insulin sensitivity in either the 
insulin tolerance test or the steady-state blood glucose 
test. Chronic administration of ADD-3878 for as long 
as 12 wk to young yellow KK mice, which were In the 
early stage of diabetes and obesity, depressed age-de- 
pendent rises In blood glucose, plasma triglyceride, 
and insulin without exerting any effect on obesity. 

When orally administered to obese Zucker-fatty rats, 
ADD-3878 decreased plasma Insulin and triglyceride in 
a dose-dependent manner (5-100 mg/kg/day). The 
treated rats showed increased tolerance and de- 
creased insulin secretion in response to oral glucose. 
The glycemlc response to insulin and the steady-state 
plasma glucose were also normalized in the treated 
rats. Chronic administration of ADD-3878 to young 
fatty rats for as long as 12 wk decreased the dose-de- 
pendent rises in blood glucose, plasma triglyceride, 
and insulin without exerting any effect on body weight. 

ADD-3878 had no effect on glucose and lipid metab- 
olism of young Sprague-Dawley rats and mild strepto- 
zotocm-diabetic rats. However, in old Sprague-Dawley 
rats that were moderately insulin resistant and hyperli- 
pldemlc compared with young ones, ADD-3878 de- 
creased plasma triglyceride and insulin and improved 
insulin sensitivity. 

Five-day administration of ADD-3878 to beagle dogs 
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with slightly impaired glucose tolerance increased glu- 
cose tolerance and suppressed postprandial rises in 
plasma glucose, insulin, and triglyceride. 

Based on these results, ADD-3878 is effective on ab- 
normal glucose and lipid metabolism associated with 
insulin resistance or obesity through reduction of pe- 
ripheral insulin resistance. Therefore, ADD-3878 Is ex- 
pected to be useful in the treatment of hyperglycemia, 
hyperinsulinemia, and hyperlipemia in obese type II di- 
abetes and obesity. DIABETES 32:804-810, September 
1983. 



insulin resistance is a characteristic" feature of both type 
ll diabetes me tttus and obesity anc is frequently asso- 
ciated with hyperinsulinemia and hyperhpicierria-' * Al- 
though the rrechansrn of insulin resistance is still ob- 
scure tnere is evidence that insulin resistance or decreased 
efficiency of insjlin action is involved in the pathogenesis of 
type I! diabetes and obesity in human subjects^* 1 and animal 
models ' " However, few drugs are developed on trie basis 
of this concept, although seme evidence suggests that some 
su funylureas potentiate insulin act. on in peripheral tissue by 
increasing tne number o1 insulin receptors :1 ' 

We have been (coking lor new compounds that decrease 
insulin resistance in diabetic and/or obese animals. Cn the 
basts o< pharmacologic findings. ADD-3878 {5-[4-(1-methyf- 
i:y£:iohexyi r neinoxv)benzyl]lhia20iidme-2.4-dione) has been 
selected as one o' the promising candidates. The present 
article describes unique pharmacocg>c actions of this com- 
pound on insulin resistance and carbohydrate and lipid me- 
tabolism in various nsulm-resistant animal models (The 
che-iucal structure of ADD- 3378 is given below.) 
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MATERIALS AND METHODS 

Animals. Yellow KK (KK-/V7~ ) mice were Ored by mating 
female KK mice with male yellow KK mice as reported pre- 
viously 10 Zucker-fatty (fa/ fa) rats were bred by matings 
between heterozygous lean rats (/a/ + ) They were pro- 
duced m our Drug Safety Evaluation Laboratories of this 
division Sprague-Dawley rats were purchased from CLE A 
Japan Inc These mice and rats were maintained on a lab- 
oratory chow. Cfc-2 (CI FA. Japan). consisting of b2.7% car- 
bohydrate. 23 6% protein, 4 4% fat 4 9% aber. 6 6% min- 
erals and vitamins, and water ac libitum They were housed 
m individual metal cages m a room conferee for temperature 
(23 i rC), nurntity (55 ± 5%), and I gnt (0800-2000 h) 

Male Sprague-Dawley rats (6 wk od) were rendered di- 
abetic by intravenous injection of strepto^orocm (40 mg/kg 
>■ 2 w3h a 5 day interval) m ctlratec normal sal-ne prepared 
tmmecj -a:e!y before injection The diabet c rats, wh en exhib- 
ited hyperglycemia (>350 mg*dl) n the fed state out nor- 
moglycem:a m a 20-h fast, were selected for use in the ex 
penment 20 days alter the injection of nireptozotocm 

Five male beagle dogs (13 - 14 kg, 13 yr od). wnose orai 
giuaoso tolerance was slightly lower than the norma! range, 
wore selected from 24 dogs supplied by CLEA Japan Inc 
They were fed a CD-b diet (CLEA. Japan) consisting ol 
48 G% carbohydrate, 25 2% protom 6 0% fat. 5 5% fiber, 
and 8 7% minerals and vitamins at 0830 -0930 h 
Drug administration. ADD-3878 was synthesized as re- 
ported previously ,r To adult rats and aogs the compound 
suspended tn 0% gum arauic solution was ora'ly adminis- 
tered by stomach tube To mice and young fatty rats the 
compound was given as a dietary admire n (A. '? povv- 
tio'trd Jit?! The dosages were estimated frum the Uiet intake 
in the c:;i:-,o of yellow KK mice, the diet mfako was determined 
as total food consumption of an m-co n a group 
Glucose and insulin tolerance tests in rats and mice, in 
4 o ctry glucose tolerance tesi , «-ats r ecevec a 4u - glucose 
su^t^r: (2 g glucose/ kg) alter 20 h of fast ng In the nsu'sn 
Ti Vfarr ,■ test rats and mice w**re fa-tet.: ?co /0 n and re- 
(. e-.veO i p r.sum (Novo, regular. OS cr t 0 J r.q) (fjuvu 
mouitf es. Copenhagen. Denmark) 

Intravenous glucose tolerance test (IV-GTT) in dogs. IV- 

GTT was pur'unned according tu the method u? Kane^o e: 
al Aj?er 24 n of fastnrj dogs were sab^rcte:: to IV-GTT 
with a rapid injection (20 s) of 06 g/-g g.uccse rto the 



foreleg vein Blood samples were drawn 5, 10. 20. and 30 
mm after glucose injection for measurement of plasma glu- 
cose and insulin 

Steady-state plasma glucose (SSPG). The SSPG of fatty 
rats was measured by the method of Shen et at " After 20 
h of fasting, the rats receivec a boos n ( ectfon of propranolol 
(700 ng/rat) followed by a constant infusion of glucose (29 
mg/kg/min), insulin (20 mU/kg/min). epinephrine (0 4 ^g/ 
kg/mm), and propranolol (20 mj/kg^mm) into the jugular 
vein The mean SSPG and steady state piasrna msuhn (SSPI) 
were determined with the values obtained horn the blood 
samples d-awn 90. 120, and 1 50 mm afor the start of the 
infusion 

For trie measurement of steady- state o ? ood glucose 
(SSBG) o* yellow KK mice, the smipti'ted method previously 
reported by Taketomi et al * was used After 20 h cf fasting, 
mice were subcutaneousfy injected with epinephrine (100 
M-g^Q). propranolol (fj mg.'kg), glucose (3 g*kg |3-*H)- 
gecose. 1 36 p-Cnmouse) and msulm (0. 1 or 2 U/kg). 
Blood samples were ob'a-red from the orh tnl sinus 45. 60. 
and 75 mm after the injection 'or deiemainat.cn of mean 
SS3G and SSPI values and specific activity of blood glucose. 
Estimation of peripheral disposal of exogenous triglyc- 
eride. The removal rate of plasma triglyceride ?;as deter- 
mined according to the method of Boberg et al ° Fatty rats 
were injected w th Intralipid emulsion (10%, 3 ml/kg) via the 
laii vein Plasma triglyceride concentration was measured 
10. 20. and 30 mm after the injection to calculate the lipid 
disappearance rate 

Estimation of hepatic triglyceride secretion. The hepatic 
triglyceride secretion rate was determined according to the 
method of Otway and Robinson Fatty rats were injected 
with Teton WR-33-3 (20°o n serine, 500 mg/kg) via the tail 
vein Plasma triglyceride concentration was measured 0. 1 5, 
30. ana 4S mm <ifte- the injection The rate cf hepatic tn- 
giycence culpa: was rr an Jested as me rcremert ol plasma 
triglyceride concentrator 1 per m eu'e 

Analytic methods. Blood samples were depmtem *ort with 
Ba(OH).. ana ZnSCX so ehems A'ter cm itn'ugation the re- 
sultant supernatant was used for me determination of glu- 
cose, wr.tch was determined by a gkxose- oxidase method ■*' 
For determination ci me specif c activity of oieod glucose, 
an auucot of the supernatant ^as dried to remove inhaled 
water and the resultant precip tate was m^O'ved n 0 5 ml of 
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REDUCTION OF INSULIN RESISTANCE IN OBESE AND OH DIABETIC AMIWALS BY ADD-3878 



TABLE 2 

Effects cf chronic administration of ADD-.Wfl on body w^ght. htond glucose, plasma insulin, and plasma triglyceride n young yellow 
KK nrcce and fatty rats 



Yellow KK mice Fatty rats 

(no of animals) (no olanmalsj 





Weeks of 


Control 


ADD-3878 


Control 


ADD-3878 




treatment 


10 


10 


8 




8 


Body weight (g) 


2 


29 0 ^ 12 


28 6 ^ 1.5 


211 




18 


201 ± 26 




4 


34 1 - 10 


34 4 2 13 


314 




21 


311 2 35 




e 


39 7 t. 0 6 


39 £ 2 1 6 


448 




25 


465 2 41 




12 


42 0 * 1 3 


42 7 .1 2 D 


517 




27 


550 ± 48 


Food intake (yAvk) 


2 


42 8 


41 4 


18i 




15 


185 2 20 




4 


36 0 


38 2 


215 




23 


232 ± 22 




a 


'10 2 


38 9 


21 i 




28 


238 2 28 




12 


36 4 


39 7 


175 




20 


175 1 18 


blood glucose (rrg/dl) 


2 


191 ± bo 


171 2 10 


91 




7 


87 2 9 




4 


327 ± 73 


196 2 53: 


105 




41 


81 2 9 




8 


329 2 35 


312 2 594: 


136 




51 


90 2 8* 




1? 


4.12 - 68 


311 * 94t 


136 




51 


98 ♦ 20 


Plasma insulin (fiU/mi) 


2 






510 




304 


153 2 65f 




4 


1 250 i 42 ' 


347 * 2162 


1029 




560 


305 2 1 10f 




8 


4330 * 2020 


2130 2 759 1 


2103 




599 


631 2 1421: 




A 2 


6520 .t 2030 


4290 2130* 


2550 




568 


790 2 419* 


Prusrna tnglycef»de (mg/Ol) 


2 






197 




40 


137 2 39| 




A 






384 




129 


106 2 34 1- 




& 






667 




223 


300 2 183f 




4 2 


449 i. 129 


322 • 51 T 


592 




332 


262 2 146* 



I emale yellow KK mice (4 wk old} ana male fatty 'ats (4 w« old) were kept on the CE-2 diet with or without ADD-3878 (0 05%) for 12 wk 
Body weight, food intake, blood glucose and pasma insuln and tnalyeefide were determined the ne*l morning after each dosing 
•P < 0 05. -fP < 0 0V frP < 0 001 versus ccnirol Mean ♦. SH 



water Radioactivity of glucose was determined in a liquid 
scintillation spectrometer (Aloka LSC-903 Aioka Co Ltd , 
Japan) using Bray's cocktail Plasma immunoreactive in- 
sulin was measured by the double-antibody methoa based 
on Hales and Randle 23 using a commercial k t (Amersham, 
England) with human insulin as a standard Plasma triglyc- 
eride cholesterol, phospholipid, and NEFA were determined 
using commercial y available assay kits (Wako Chemicals, 
Japan). 

Reagents. L-Epnephnue frurn E Merck A G (Darmstadt. 
Germany) DL- propranolol hydrochloride ^rom Sigma Chem- 
ical Company (St Louis. Missouri), and Novo regular insulin 
■rom Novo Laboratories were usee [3- J H]Giucosc was pur- 
chased Irom New England Nuclear Ccrp (Boston, Vassa- 
chusetts) 

Evaluation of the data. The data were presented by mean 
2 SD and statistcaliy analyzed by StucenLs ? test The 
minimum effective dose cf AOD-3378 was defined as the 
smallest dose to produce a statistical! / significant decrease 
IP < 0 05. Student's test) in blood glucose ana lipid con- 
centration as comoa'ed witn those of the control group 

RESULTS 

EFFECTS OF ADD-38/6 ON GLUCOSE AND LIPID 
METABOLISM IN GENETICALLY DIABETIC AND CBESE MICE 
YEt i OW KK 

Yellow KK mice hove genetically determined obeso ana di 
abetic syndromes such as nyperglycem a. hyperinsulinemta, 
hypertriglyceridemia, and severe insulin resistance, all of 
which ncrease with age *■" 



Effects on hyperglycemia and hyperlipldemia. When 

ADD-3878 was given to ma*e or female yellow KK mice (9 
wk old) as a dietary admixture (30-186 mg/kg/day, calcu- 
lated from ?ood intake) for 4 days, nonfastmg blood glucose, 
plasma insulin, and piasrna i pids especially triglyceride, 
were decreased in a dose-depencent manrer. but neither 
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FIGURE 1. Effects of ADD-3878 on insulin tolerance in yellow KK mice 
and fatty rats, (a) Male yellow KK mice (9 wk old) were kept on the CE- 
2 diet with ADD 3878 (0.02% or 0.05%) for 4 days. They were given In- 
sulin (0.5 U kg, I p.) on day 5 after 20 h of fasting, (b) ADO-3078 (50 
mg kg/day) was orally administered to male fatty rats (12 wk old) for B 
days. The rats were given Insulin (1 U kg, I.p.) on day 9 after 20 h of 
fasting. *P < 0.05, "P 0.01. *"P • 0.0O1 versus control -p < 0.05, 
• *P < 0.01. »' *P 0.001 versus initial. Mean a SD (N S). 
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FIGURE 2. Relationship between SSPI and SSBG or the specilic activ- 
ity of blood glucose in yellow KK mice. Mate yellow KK mice (12 wk 
old) were kept on the CE-2 diet with or without ADD-3878 (0.15%) for 4 
days. After 20 h of tasting, they were eubcutsneousty injected with epi- 
nephrine (100 jig kg), propranolol (5 mg kg), glucose (3 g kg, (3- 
Hjglucose, 1.36 nCi mouse), and insulin {0. 1, or 2 U kg). Details of 
procedures are described In materials and methods. 



food intake nor body weight was altered (Table 1) A signif- 
icant fall of blood glucose (by more than 10%) could i:o 
detected a: a dose as low as 7 mq/kg/day (data not shown) 
When ADD-3878 was chronically administered (12 wk) to 
young yellow KK mice (4 wk old), which were m the early 
phase of obesity ana diabetes, age-dependent increases ;n 
blood glucose, plasma insulin, and triglyceride were mark- 
edly suppressed (Table 2) However, body weight and food 
intake were not affected throughout the experiment A single 
orai administration of ADD-3878 (100 mg. kg) resulted in no 
changes in blood glucose, plasma insulin, and triglyceride 
(data not shown) 

Effects on insulin resistance. Insulin resistance of yeHow 
KK mice was manifested by an unpaired glycerine response 
to exogenous insulin as high as 0 5 U/kg The glycemic 
response was improved dose-dependentiy after a '1-day 
treatment with this compound (Figure ! a). To clarify me effect 
of ADD-3878 on peripheral insulin resistance, the steady- 
state oloca glucose (SSBG) was ceternmned at different 
steady-state plasma insulin (SSPI) levels (Figure 2). In ac- 
cordance with results obtained in KK and C57BL/6 mice 
as previously reported ' 8 specific activity of blood glucose 
of control and treated mice did not change with increasing 
SSPI. suggesting no differences in exogenous glucose influx 
and hepatic glucose output among the animals Therefore, 
SSBG could indicate relative impedance of glucose metab- 
olism of tne peripheral tissue under this condition The SSBG 
at 20 u-U'ml of SSPI was about 500 mg'd! and this value 
indicated severe insulin resistance of these mice (cf 160 
mg di for CS7BL mice 18 ) SSBG of control and treated groups 
deceased gradually with increasing levels uf SSPl The 
SSBG response to SSPI was exaggerated m ADD-3878- 
treated nvee (Figure 2) These findings indicate that ADD- 



3878 decreased peripheral insulin resistance in yellow KK 
mice 

EFFECTS OF ADD-3878 ON GLUCOSE AND LIPID 
METABOLISM IN GENETICALLY OBESE RATS, FATTY 
Fatty rats develop obesity-associated syndromes such as 
hyperinsulinemia, hypertriglyceridemia, and insulin resist- 
ance as their genetic traits. ' J 

Effects on hyperlipemia and hyperinsulinemia. When or- 
ally administerec to fatty rats for / days, ADD-3878 (50 mg/ 
kg /day) decreased nonfastmg plasma insulin and triglyc- 
eride without changing body weght and food intake (expt. 
1 in Table 3). Blood glucose, plasma cholesterol, and NEFA 
were also decreased by ADD- 3378 In the dose-finding 
study, a significant reduction of plasma triglyceride (by 30%) 
was observed at a dose as low as 10 mg/kg/day (data not 
shown}. 

To examine the lipid-lowering mechanism of ADD-3878, 
the rates of lipid removal and hepatic triglyceride output were 
calculated by measuring plasma triglyceride after Intrahpid 
injection and after Triton injection, respectively In fatty rats 
treated with ADD-3878, the removal rate of plasma triglyc- 
eride was markedly elevated but the hepatic output of tri- 
glyceride was not altered (expt. 3 in Table 3) 

When the compound was chronically administered ( 12 wk) 
to young fatty rats (4 wk old) as a dietary admixture, the age- 
dependent elevation of plasma triglyceride and insulin levels 
was markedly suppressed (Tab-e 2) A slight elevation of 



TABLE 3 

Effects of ADD 3876 on body weight, food intake, oiood giucose. 
plasma :nsulin (IRI). plasma lipids steady- state plasma glucose 
(SSPG) plasma triglyceride remova'. and hepalic triglyceride 
output in tatty rats 



Cor.uo 



ADD-3878 



*pi 1 



Bouy weight (cj) 


505 




24 


522 - 


34 


Food intake (g'day) 


23 




3 


25 - 


2 


Blood glucose (mg.'dO 


* n 




1 1 


79 ± 


iot 


Plasma IHI (jtUVrnlJ 


2' U) 




243 


89/ z 


210§ 


Plasma triglyceride (rrg/til) 


872 




379 


286 i 


85i 


Plasma cholesterol (mq dl) 


'05 




28 


120 ~ 


?6* 


Plasma NEFA (nect'L) * 


458 




'00 


249 * 


35t 


Expt 2 












SSPG (mq/dl) 


400 




31 


325 * 


37% 


SSPI fnU'm!) 


9S0 




155 




22/ 


Fxpl 3 












^Fasma triglyceride 












leinuval (%-rnin) 


3 62 




061 


4 65 ♦ 


0 63 r 


Hepatic triglyceride 












output (mg.'dl.'min] 


2* 7 






20 0 ± 


3 T 



f->p: ? ADD 387B (50 mg Kg day) was oraiiy administered to male 
laity rais (12- 14 wk c'd) fo f 7 days 3?ood samples were taken 20 
h after tne last dosing 

Expt 2 ADD-3878 (100 mg^q day) wascra'ly administered to male 

fatty rats (12 wk o!d> for "l0 days Afiei 20 h lasting, S3PG -was 

determined as d escribed m vat rial 5 a.no met* cos 

Elxpl 3 ADD 3878 {50 rpg'kg'day) was orally administered to mate 

tatty rats (/ wk old) tor 6 days the removal rate of plasma fujlyc- 

endc cn day 5 was estimated from :ro disappearance ul plasma 

triglyceride alter injector, of Intranpid The rate ot hepatic triglyceride 

output no day 9 was determined from increments of plasma mglyc 

or de concentration after injection of Triton WR-1339 

"P < 0 05. |P < 0 02. iP < 0 01 . §P < 0 CO' versus cor trot Mean 

' 3D (N = 5) 
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REDUCTION OF INSULIN RESISTANCE IN OBESE AND OR DIABETIC ANIMALS BY ADD-3878 
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FIGURE 3. Effect of ADD-337B on oral glucose toletance In fatty rats. 
ADD-3878 (50 mg kg day) was orally administered to male fatty rats 
(14 wk old) for 8 days. After the last administration, rats were tasted 
for 20 h and subjected to an oral glucose tolerance test. *P < 0.02, "P 
< 0.01 versus control. Mean * SD (N - 5). 



blood glucose with advancing age was also depressed by 
the treatment (Table 2). 

Effects on glucose tolerance and insulin resistance. To 

orally administered glucose, fatty rats exhibited marked re* 
sponses of blood glucose and plasma insulin, winch indi- 
cated glucose intolerance and insulin resistance (Fgure3). 
ADD-3878 administration resulted in marked normalization 
ot the abnormal responses of btocd glucose and plasma 
insulin in this test. 

In the insulin tolerance test, fatty rats showed no Significant 
change in fcioco gucose in response to a cose of insulin as 
high as t U/kg (Pgure 1b) ADD-3878 administration de- 
creased fasting blood glucose and increased the giycemic 
response to insulin 

In the SSPG study, the glucose level was significantly lower 
m ADD-3878-treated rats while the insulin level was some- 
how higher in control rats in spite of the same irsulm infusion 
rate carried out in the both groups (expt. 2 m Table 3) If 
SSPl had been made the same in both groups by regulating 
insuiin infusion, SSPG would have been much lower in the 
treateo group 

All of these results indicate that ADD-3878 decreases the 
obesity-associated insulin resistance of fatty rats. 



EFFECTS OF ADD-3878 ON GLUCOSE AND LIPIO 
METABOLISM IN SPRAGUE-DAWLEY (SD) RATS AND 
STREPTOZOTOClN-INDUCEO-DlABETlC RATS 
ADD-3878 (100 mg/kg/day, p.o.) showed no effects on 
blood glucose and plasma lipid in young SD rats (5 wk old), 
although the administration period was extended as long as 
16 days (Table 4) Old SD rats (20 wk old), as compared 
with young ones, were moderately obese, hypermsulinernic, 
and hypertng yceridemic as described in many papers 242b 
and had decreased plasma insulin and triglyceride levels in 
response to AOD-38/8 administration (Table 4). Further- 
more, a single administration of ADD-3878 to lasted young 
and old rats altered neither bleed glucose nor plasma insulin 
(data not shown) 

The same extent of giycemic response to insulin was ob- 
tained in the young and old rats by using a higher dose ol 
the hormone with old rats, indicating insulin resistance of the 
old rats (Figure 4) ADD-3878 admmstratson (100 rng/kg/ 
day) increased the response to insulin in the old rats but not 
in the young rats (Figure 4) 

In mildly streptozotocin-diabetic r ats. oral ADD-3878 
administration (100 mg/kg/day. for \2 days) neither de- 
creased blood glucose and plasma triglyceride levels nor 
improved glucose tolerance (data not shown) 

EFFECTS OF ADD-3878 ON GLUCOSE AND LiPlD 
METABOLISM IN BEAGLE DOGS 

Beagle dogs used in the experiment were selected from 
normal dogs based on glucose tolerance and insulin re- 
sponse. They were norma! in plasma glucose, triglyceride, 
and insulin but slightly intclerant and hyperinsuiinemic in 
response to oral glucose. When ADD-3878 (100 mg/kg/day) 
was orally administered to these dogs for 5 days, the mean 
k values (plasma glucose clearance rate) of IV-GIT were 
increased from 3.8 to A .73% /min without a significant incre- 
ment of plasma insulin area indicating increased efficiency 
of insulin action m glucose metabo'ism by the treatment with 
this compound The treated dogs showed no change in fast- 
ing levels of plasma components except decreasing plasma 
cholesterol, but significant decreases in postprandial plasma 
glucose, insulin, and triglyceride levels (Table 5) The low- 
ering effect or) (he postprandial plasma tnglycende was 
dose-dependent, with a significant marginal effect (by 20%) 
observed at a dose as low as 5 mg/kg body wt (data not 
shown) 

DISCUSSION 

Type I! diabetes and obesity are very frequently accom- 
panied by insulin resistance, which appears to be a direct 
or indirect cause for metabolic anc endocnnologic abnor- 
malities, such as hyperglycem a hyperlipemia and hyper- 
insuimemia. although its mechanism is still obscure. 1 6 In 
genetically obese and/or diabetic animals including yellow 
(obese) KK mice and fatty rats used in the present studies, 
obese and diabetic syndromes are accompanied with insulin 
resistance. sv 

ADD-3878 a rev/ compound with the Ihiazciidine ring dif- 
fering from the sulfonylureas and biguanides in us chemical 
structure, had a marked effect on abnormalities of glucose 
and lipid metabolism in yellow KK mice and fatty rats, such 
as hyperinsulmemia, hypertriglyceridemia, hyperglycemia, 
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TABLE 4 

Effects of ADD-3878 on body weight, blood glucose, plasma triglyceride (TG). plasma NEFA, and plasma insulin (IRI) in normal rats 



Days on treatment 
of ADD-3878 



Body weight (g) 
Blood glucose (mg/dl) 
Plasma TG (mg'di) 
Plasma NEFA (u.eq/L) 
Plasma IRI (u.U'm) 

8 

Boay weignt (g) 
Blood glucose (mg'dl) 
Plasma TG (mg/di) 
Plasma NEFA (neq/L) 
Plasma IRI (uAJ/mi) 

Body weight (g) 
Biood glucose (rng/di) 
Plasma TG (mg/d ) 
Plasma NEFA (u.eq/L) 
Plasma IRI (pAJ/mi) 



Control 



Young rats 



ADD-3878 



Old rats 



Con:rol 



ADD*3878 



202 r 8 


200 st 9 


635 - 


43 


632 ± 38 


108 ~ 12 


102 - 5 


97 - 


4 


105 - 5 


111 = 15 


100 - 31 


324 - 


119 


143 ± 45f 


300 ~ 61 


223 * 64 


316 - 


89 


577 - 201 


46 - y 


25 ± 10: 


64 - 


16 


40 -t 9 


234 r 9 


232 r 10 


623 r 


40 


615 s 33 


91-6 


9? T 1 


83 - 


? 


9? ± S 


83 i 8 


93-9 


201 


38 


109 - 13§ 


151 - 29 


123 - 33 


259 ± 


// 


214 i: 111 


31-6 


22-5 


80 * 


35 


38 - 12* 


284 i 11 


279 - 14 


636 * 


43 


585 ± 62 


90 -i 5 


85 n 5 


69 - 


7 


83 ± 32 


131 z 15 


129 - 26 


270 - 


146 


85 ± 35' 


205 = 49 


150 - 69 


231 _ 


80 


339 ± 340 


46 r 20 


54 r 16 


58 r 


21 


31 - 12- 



ADD-3878 (100 mg/kg/day) was orally administered to young (5 wk old) and eld Sprague-Dawley rats (20 wk old) for 16 days Blood 
samples were taken 20 h alter administration of ADD-38/8 

N - 5 Moan * SO "P < 0 05 fP < 0 02 *P < 0 01 §P 0.001 versus cortrol 



and glucose intolerance. ADD-3878 was also effective on 
glucose and lipid nnotabol sm in aged (old) rats, which were 
moderately insulin resistant and hypolipidemic compared 
with young rats as reported elsewhere. 24 re but not on the 
metabolism m young normal rats or streptozotoon-diabetic 
rats Furthermore, in beagle dogs with mild intolerance to 
gfucose. ADD-3878 ameliorated glucose tolerance and sup- 
pressed postprandial rises in plasma triglyceride and insulin 
Therefore, ADD-3878 is more likely to be effective on the 
metabolism of carbohydrate and lipid in insulm-resistant or 
obese animals than in norma! or insulin-deficient diabetic 
animals 



ADD-3878 markedly exaggerated glycernic response to 
injected insulin and also decreased the SSPG, which was in 
a reversed relationship to overall insuin sensitivity of the 
peripheral tissue 17 m the insulin-resistant animals. These re- 
suits suggest that the primary action of ADD-3878 is to de- 
crease insulin resistance of peripheral tissue The above 
postulating concerning the mechanism of actions of ADD 
2878 may be supported by our preliminary studies ADD- 
3878 administration to yet'ow KK mice decreased insulin 
resistance of peripheral tissue manifested by increased in- 
sulin sensitivity and nsulm responsiveness of adipocytes 
and soleus muscles (unpublished data) 



100 



I 40 



3i Young rats 



O Control 
• ADD -3578 



o L L 



J L L 



Di Gid ra:s 




1?0 



ISO 



FIGURE 4. Effect of ADD-3878 on insulin tolerance in normal rats. Male 
Spraguo-Dawloy rats wore used. ADD-3878 (100 mg Kg /day) was orally 
administered to young (6 wk old) and old (20 wk old) rats lor 4 days. 
After tho last administration, rats were tasted lor 20 h and received on 
Injection of insulin (0 2 or 0.5 U/kg, l.p ). # P < 0.05 versus control. 
Mean .♦ SD (N - 5). 



TABL f. 5 

tllects of ADD-3878 on p-asrra glucose, nsjlm. triglyceride, and 
cholesterol m dogs 



ADD-3878 ireatmen: 



Before 



Alter 



{% initial | 



Fasting plasma 
Glucose (mg'cl) 
IRI (nU/mt) 
Triglyceride (mg/dl) 
Cho'esteroi (mg'di) 

Postprandial p'asrr.n 
GljtOie (my/dl) 

IR! fu.U'mi) 





tot 




4 


92 




C 


(92 




0) 




; 5 




1 8 


76 




06 


(105 




24) 




25 




6 


19 




7 


(78 




27) 




125 




26 


93 




20 


(74 




5t) 


2 h 


93 




3 


96 




2 


(98 




3) 


3 h 


108 




6 


100 






(93 






2 h 


t4 6 




5 3 


12 5 




6 1 


(t07 




85) 


3 h 


24 a 




83 


13 5 




2 7 


(56 




2T) 


2h 


76 




39 


43 




16 


(61 


± 


I7t) 


3 h 


79 




40 


51 




25 


(72 




43) 



ADD-3878 (100 mg-kg day) was orally admin stereo to male beagle 
clogs after meals for 4 cays Values are represented as means z. 
SD of five dogs 

fast ng plasma determinations were obtained hofom the fast admin 
iStra: cn of ADD-3878 

•P < 0 02. < 0 0i *P < 0.001 versus initial 
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REDUCTION OF INSULIN RESISTANCE IN OBESE AND OR DIABETIC ANIf.'ALS 3Y ADD-2578 



Insulin sensitivity is decreased with the advance of age in 
norma! and genetically obese animals as well as in human 
subjects. 9 ' 0 ^ The age-dependent elevation of plasma glu- 
cose, insulin, and triglyceride in yellow KK mice and fatty 
rats appears to be closely related to increasing peripheral 
insulin resistance. The chronic administration of ADD-3878 
for as long as 12 wk suppressed the age-dependent rises 
ol the three parameters in yellow KK mice and fatly rats. 
These results also suggest the inhibitory action of ADD-3878 
on insulin resistance. 

From the pathogenic point of hyperglycemia and hyper- 
insulmemta. the effects of ADD-3878 on plasma giucose and 
insulin are clearly explained. Insulin resistance s assumed 
to lead to a compensatory adaptation of pancreatic B-ceils, 
which results in hypennsulmemia, although the feedback 
mechanism between insulin-resistant tissue and pancreatic 
B-cells remains unclear In regard to impared glucose me- 
tabolism acornpanied by hyperinsuhnemia. msut n resist- 
ance and the pancreatic compensation are the main deter- 
minants of glucose intolerance and/or hyperglycemia 
Based on these concepts, the reduction of insulin resistance 
by ADD-3878 probably results in norma nation of hypergly- 
cemia and hypennsulmemia of the msuhn resistant animat 
rnode/s 

Hypennsuiinemia and hyperlipemia are very common syn- 
dromes in obesity and diabetes However, less information 
on the pathogenic action of insulin resistance has been pre 
sented tor hyperlipemia than for hyperglycemia Hypertn 
ylyceriderma due io increased hepat c triglyceride output 
may be caused by hypennsulmemia in the insulirwesistant 
state, because insulin is one of the potent stimulators of lipid 
synihess and furthermore, heoatsc lipid synthesis is still 
sensMsve to msuhn in jbese and diabetic; animals and hu 
mans 91 -"' On the other hano, insulin resistance may de- 
crease lipid uptake through decreasing insulin actions on 
lipoprotein I pase induction or glucose metabolism, which 
supplied substrates for estenfication of fatty actus The pres- 
ent studies ciearly demonstrated that ADD-3878 administra- 
tion to fatty rats increased the rale of lipid removal but did 
not at-ect hepatic triglyceride output The insulin- resistance 
dec reusing mechanism may be involved in the lipid lowering 
action of ADD-3878 

AI3D-J378 has neither acute hypoglycemic action nor 
stimulatory action on insulin secretton in the animals. In this 
regard, it can be distinguished from su;fony!ureas In other 
insulin-resistant mice such as the db/db mice, tolbutamide 
tailed to decrease blood glucose/- but ADD-3878 de- 
creased both hyperglycemia and hyperinsuhnemia (unpub- 
lished data) furthermore, m our preliminary study, yellow 
KK mice did rot show any response :o tolbutamide (unpub- 
lished data) Although extrapancreattc actions cf sulfonyl- 
ureas have been proposed. ,r *" so far as examinee in ex 
panmentai animals. ADD-3878 s finite different from sulfon- 
ylureas in the effects on insui n-reststanr or obese anirna s 
I! is postula'ed that ADD-3878 is more beneficial to obese 
and/or type II diabetes than sulfonylureas by its specific 
action, reduction of insulin resistance 
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